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THE principal charaderiftic which dif- 
tinguilhes the human bjeing from thc^ 
reft of thc^ animal creation, is the inheritance 
of knowledge, which the individuals of each 
generation are able to derive from their pre- 
deceffors. 

The bee of modern times forms the cells 
of its hive exa6lly of the fame fhape as the 
bee of the remoteft antiquity ; each i^cies of 
birds builds its neft after the fame unalterable 
pattern, and firigs the lame invariable melody* 
The flieep of the prefent day has op better 
defence againft the wolf; nor has the fly again^ 
the fpider, nor the fmaller birds againft the 
eagle, than the like animal3 of fbati^r times* 
The fame wants, fimilar dangers, die. like de- 
feds, and unalterable cuftoms, are thte conftant 
attendants of each different tribe ; nor is any 

A^ individual 
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individual benefited by the experience or by 
the improvements of all its predeceffors. 

I 

Man alone has received from his Divine 
Creator the incftimable advantage of being 
benefited by the knowledge of his forefathers, 
and of his being able to bequeath that know- 
ledge^ together with his own improvements, 
toi his pofterity. 

The accumidated experience of a long fe- 
ries of yeairs,^ accurately recorded in a vaft many 
books, or traditionally imparted from one ge- 
neration to the other, gradually exalts the 
ftae& e/^ hamsai bemgs, fiipplie^. their wants, 
^reafes^ tfefei^P fecurity, and promotes their 
Ii{lppi6€i$; Thd plough, the loom, the forge, 
Che prels, the gfistis^houie, and innumerable 
ether ufefol inventk>ns of our predeceflbrs, 
ftibceflively improved by confkant ule and ex- 
fberieiic^ form She Invaluable advantages of 
modern tifmes; and their combined e^dd, 
a^^ually elevates^ the individuals of a nKxieFn 
Civilfzerfnfltion> fo far above the uninftru^fced 
favagesj as might almoft feem to render them 
of a -diflfereat fJKcics^. 

9 That 
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That >experkncc, propetly '>fli^idf#l^i<f«^ 
di{lin6k headsi^ forms. the vas^P^^'^^i^i^^ ^ 
iaxowlbA^c. The asm^titjoient,^ otid 4ftktf Oeli^ 
ddadboL (of each paiiticalar fbb|e^- is called^ 
Scklnoe. Tii&cukStxiate or the, pisoEtkrsd jqD|)li> 
cation of a b. called aa Aat. tq ,ht>:.n ": 

* * 

Arts and icbnces ve Jtoa litmeraas axuttoift 
(exteixiQd, to 1)e <:oinprqhcQded hi tbsir gis&t^ 
extent by each £bgle individutil : i]ieipce is 
•derived idie diviiion of lsdK>ur, or liie jxdxsp^ 
-tion of a particular branch bj. okSi iiogk 
itulividuaL But all tbofe ]>rancbes denve tfack 
•ori^ from tiie fanie^ natural: powers, tbc^ 
are all in their principles regulated bj.thfi ifane 
general laws of Nature, and almoft all their 
applkiattious may be fubjdSled to calculation 
and detnonftration. The mycflagation of their 
origi£^ and of their mutual dq>QndeiK:e on each 
other, the iUuftration of their principles, the 
methods pf enlat^ing their limits by means <df 
experiments and calculation, and tbetr iappli- 
cation to our various wants, fall under the title 
of Natural or Expekjmental Philoso- 
p:hy, the Elembnts of which ibmi the fub- 
jed of this Work* 

A3 ?n 
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In tfep coiirfc of the laft twenty or thirty 
Ccntu;riiWt during which time (as written do- 
cymentis /inform us), more or lels attentive ob- 
servations havfc been made on the properties 
of natural bodies, various theories have been 
formed^ or different ideas have been enter- 
tained concerning the nature of thofe bodies, 
or concerning the general fiibjec): of Natural 
Philofbphy ; but the imall proportion of real 
,fa^s, and the vaftly greater proportion of 
•vague and unwarrantable ideas which ^formed 
<h.a(e theories. Tendered them always iniiiffi- 
cient, ?nd frequently abford ; whence confu^. 
fion of ideas, and retardation. of fcience, natu*» 
rally-enfued 

The nature and fhe^fate of thofe theories 
gradually cautioned the judicious part of t\xt 
inquifitive world, and fhewdd them the ne- 
-ccflity qf fubftituting experiments and ftricl 
mathematical reafohing |o the fuggeflions of 
the imaginatiort. .This rational reform> or 
cautious mode of. proceeding, ^pce the 1 6th 
century, has been produiSiive of a vaft num- 
ber of uicfiil : difcovpries ? "and, by its having 
plaped the progrefs of fciejice iQ the right 

/:. ^ '^' channel, 
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chanael^jiiias enabled phibfbphers to trace but 
tho. pci4i:'^le$ of ; iweral: of its braaphes,. to? 
mw^giti^diveT^ n&w folsjeflsy and to opea 
aew ^ath^ to tiie inexhauftibte trealures of; 
natw:e^ • . n: 






» 

The. prpgrefs of experimeirt^tl inveftigation, 
and the matbyemattcal mode of reafoning, ar^ 
both flow and laborious; but they are fafe, 
and produi^iv^ of true and uibful knowledge: 
nor has the hun^aii being any other means of 
feeling hift .way tjirough. the fJark labyrinth of 

Natiw:?k 1% is wondeiftjl ^o obferve what ma- 

' » . ' ■ . . .' k.. 

nuatl^t^enry-and >yh^t exalted exertions of the 

^ . . * . ■ ■ . ■ 

bumaigLiXHnd, have been beftpwed upon the va- 
rious branches of Natural^ Philofophy. Thofe 
profound iilqiiiries, igmetiines fruitlefs, and at 
other times either djire^ly or indired^y fuccefs^ 
ful, alternately difplay the ftrength and the 
.weaknefs of the human ynderfUnding; but 
upon the whole, it muft be acknowledged that 
M':onderful improveiji^nts have undoubtedly 
been derived frorp thofe extraordinary (pxer;- 
tions ; -and die prpgrefe of fcience within the 
laft two centuries has certainly advanced with 
increafing velocity. 

A 4 It 
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It is not my intention to deceive the reader 
by afler ting, that I have rendered all the prin- 
eiples of Natural Pl^ofbphy intelligible to the 
meafieft capacfty ; for in that eafef,: I ^loald 
either h'ave been obliged to omit the more 
abftmfe branches of philolbphy, or the fallacy 
of the aflerlioA would 'be rendered ftaringly 
manifeft in feveral Of the following pages. 
Original diicoveries of &6b, or principles xxt 
laws of nature, ar^ generally made through 
intricate and perplexed patiis. By iubiequent 
rcvifion and confideration, the Iuperflu6us is 
removed, the defe6Hve is ifepplied^ *rMl the 
confiifed materials are propte-ly linwiged j 
whence the train of reafbning fre^tiefttly be- 
comes (horter and more natural, or the 
nature of the lubje^ is rendered more evi- 
dent and more intelligible. But this fimpliii- 
cation has a limit which difitrs in di^rent 
lubjcds ; ttor can the comprehenfion of what 
depends upon a vaft number of previous ideas, 
math^raaticaHy connefted, be tendered at^ 
tainable to fuch perfois as are deftitute of 
foch ideas, or whofe mind is incapable of re-. 
twining the neceflary <:bain of realbning. 



By 
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By foU^wing the example of the deardi 
writers^ and by confideri^g ^each pardcukr 
&bje^ iitt different points of view, I havo ^rr- 
ikavoured to^iscplam it with all the im^licitjr 
and .the cleanieis which my Sender ability 
could iiiggleft. l^ ^veral: pkces I have ^aVoidod 
j(bme. abftrafb techmcal formalkies of ofdef: 
or phraf«4ogy. «,4 h»v« preferred femili* 
expreffions wherever it appeared pra6ticable ; 
hilt whea the fubjed f^emed leCs likely, to 
he coo^prdijsiided by the greatest nu^iher Off 
readers, I have alwayis placed k in the Notes^ 
whercJ thofe only who are comj>etently qua* 
lified may read it. And here it pfiuft be 
obiervedy that, for the fake of diilin£lion^ 
the references from the text to thofe iiotes^ 
confifl of the common numerical figures ; 
whereas the references to other notes coa- 
taining quotations, additional remarks, &c* 
confifl of aflerifms, or fuch like marks. 

A -few repetitions, which the reader will 
meet with in the courfe of the work, will, I 
trufl, be eafily excufed, confideriog that thay 
have been thought necefT^ii-y for promoting 
ih^ elucidation of particular fubje6ls. With 

refpeft 
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nCpt^ to the termination of certain words of 
an entire Latin origin, it muft be bbferved that 
I have indiftriminately written them either 
with a Latin or with an Englifh termihatiori, 
inch zs radii and radiujesj media znd meidumSy 
&c. for having found them ufod both ways 
^y difPcQ-ent writers^ 1 was unwi41ing to adojpt 
a decided partiality for' either mode^ 






With refpeft to the dii(po(ition of- the ma* 
4efiaIs-thit)ughout \he 'work, it ittay pbrhap^ 
be 'nedelfafy torment ioUj fhat-fiay rule?* hife 
bech' to begin with the general properties of 
niattcr, or fuch as conftant eiperieiKte Ihews 
to belotig- to bodies of every kind. I have 
afteiVards proceeded to examine thofe which 
belong to a particular fetof^ bodies, arid tketi 
thc^ of fewer or of fingle bodies. - 

r 
... •.-•..,,• . . . • • • • . i 

* ■ 1 , • •'•' f . • • # / 

The aftronomical -part has been -naturally 

placed after the ftatement of the above- 

mentioned properties, rfince the knowledge 

of the appfcarances of the celeftial bodies fe 

' jnot fo imfiiediatefy concerned with our^ weF- 

; farcj as Jhal of the fuhftaiices : which 'nearly 
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(urround us^ and of which our vety bodies 
stre formed. ' , - ^ 

* • • ^ 

In the 'iHiillration of the various branches^ 
a multiplicity, of experiments and extended 
hiftorical accounts have been carefully avoid* 
ed, left the . ftatement of iiiperfluities (houM 
have occupied the place of ufefiil materials. 
The diflFerent fubjefts of Natural Philofophy 
caniiot be rendered Ibfficiently intelligible 
without a certain extent of explanation ; but 
at the iame time their number would render 
the work too extenfive, if the limits of ab- 
folute neceflity were not carefully preferved. 
In this, however, the Author is expofed to a 
dangerous dilemma, as the fame illuftration 
which proves prolix to certain readers, is in- 
fufficient fpr others. Different views of the 
fame abftrufe fubje6l, though tedious to the 
proficient, ale undoubtedly of great affiftancc 
to the novice. In this cafe the limits- of 
fufficiency . or of infufficiency are vague and 
indeterminate J and whiNl they tend to per* 
plex the author, they afford, according to the 
inclination of the reader, ample (cope for 
priticifin or fatisfadion. Natural order, ac- 

curacy 



XU F R E FA C E. 

curacj of ilatements, pcrlpici^ity^ ah4„ 9oa- 
cifcnefs, have been the conftant obje^ <33f my 
views in the compilation of this work. I 
have «ideavoiired 40 fekft from jtiukiplidty, 
and to remoye obfcufky. {a qertain ;;pkucei? 
I have added omew fai3^, tu others j hav^ 
fearchod for: Bew aud true eixplanatiGins of 
najtural ^e6b. I have pointed out the df^r 
fcCte of feveral particulars, and have reoom- 
cnended the elucidatipn of the fanje to the 
diligence of zealous ftudcnts. But whether or 
not the performance is fufiicicntly conforma- 
We to thofe views, L humbly fubmit it to the 
deciiion of the impartial and diftiiiguiihing 
f)art of my readers. 

As this work is likely to • fall into various 
iiands, it may perhaps be uleful to add a few 
«jmarks and a few diredions for the ufe^ not 
^ the proficient, but of thofe to whom the 
fiibje<9: is either partially or entirely new, in 
iorder that unprofitable labour, ox extravagant 
-cxpeftations, may in great meafure be avoided. 

Of the various readers of books in general, 
rihall briefly attempt to difcriminate the fol- 
lowing 
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lowing clafles. There zr6 fotSkc who imagmc 
that the fame velocity of reading is^fufiicieat 
for a novel', or a poetical, or an hiftorical, or 
a Tcientific book; and when they, find tliat* 
they are not able to comfwehend the latter, 
they conclude either that the author is ob- 
fcure, ot that they themfelves have not capa« 
city fofficient for it. Others imagine that a 
lingle careful perufal of a fcientific book is 
liifficlent to inftruft them in a new fub}e6l; 
Laftly, there are others who never proceed to 
the next page, unlefs they have thoroughly 
underftood the preceding part of the work. 
This method, in the reading of natural phi- 
fo(bphy, though very proper, is by no means 
very pteafing, and generally tires the ftudent 
before he has read a quarter of the work. 

Where a great many new ideas muft be 
acquired, much attention muft be neceffarily 
beftowed. Therefore, in the reading of 
novels or poetry, the only exertion of the 
mind which is required for a fatisfii6tory 
perufal, is the conneftion of the different 
parts or accounts, and a tolerable degree of 
attention to the beaiftics of the performance 

which 
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which arife from the ftyle and the imagination 
of the writer ; for with refpedl' to fads and 
the meaning of words, they are fo miich like 
the occurrenjces of common life^ as never to 
demand any exertion of the underftanding. 
Nearly the fame thing may be faid with re- 
{pe&, to the reading of hiftory. But with 
fcientific fulyefts the cafe is quite different; 
for in, them the great variety of new things 
and new ideas, to .which words of uncommon 
nfe have been appropriated, and their depend- 
ance upon each other, or upon fads qf unuiual 
occurrence, demand a continual exertion both 
of the memory and of the underftanding J 
which; unlefs it be , relieved by means of 

i 

order, patience, and a competent allowance 
of time, will certainly prove irkfbme to moft 
ftudents. ~ ^ 

Therefore on thofe accounts I beg leave to 
recommend the following method. Let the 
novice in the ftudy of natural philolbphy read 
this work a firft time, rather flowly, but 
without perufing thofe notes which, as has 
been remarked above, have a numerical re- 
ference, nor caring, as he proceeds, whether 

^ be 
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he iioes dr do^ not thoroughly underftand 
or remfendjer all the particulars. By this 
meatus he. will acquire it fuperficial idea of 
the fubjei^j the meaning of feveral words 

will become familiar to him, and he will 

^ * - " ■ - 

in all probability be delighted by the various 
and wonderful properties of the .materiat^ 
world. He may then commence a fecond 
perulal, proceeding rather flower, endeavour- 
ing thoroughly, to underftand every part, 
and every figure of the plates, and exaniin- 
ing, according to his ability, a greater or a 
iefler part of the notes. During .this,(e- 
cond perulal, it would be highly ufefui to 
attend a courfe of experimental ledures; 
for by this .means the various objeftsj ma- 
chines,^ adions, &c. wiU be eafily And .per- 
manently fixed in his mind. 



During this fecond reading he Ihould pay 
particular attention to the numerous techni- 
cal words, the meaning of which, whenever 
he forgets them, may be eafily found out by 
recurring to the Index at the^end of the work, 
which has ' for this purpofe heen rendered 

much 



XVI 



F a E F A G £• 



mnch more- copiotj^ than 48 cuftoraary fcHr 
books of this kind. ! Lafftly, the indent may 
read over a thir^d time, or o-ftener, fsch parts 
only of the work as his particular incIinatioHy 
or his underftanding or his memory may rert- 
der necefllary. .' 
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ELEMElfrs OF 
NATURAL PHILOSOPHY^ 



CHAPTER U 

Of Natural Philosophy;— //j Name; — its 
ObjeB I — its Axioms ; — and tki Rules of Philofo^ 
pAizing* 

THE word Phiiofophy, though ufed by ancieat 
authors in fenfes fomewhat different, does, 
however, in its mod ufual acceptation, mean tie 
kve af generdi knt^wledge. It is divided into moral 
and natural. Moral philofophy treats of the man* 
neis, the duties, and the conduA of man, con* 
fidered as a rational and focial being; but the 
bufine& of natural philofophy, is to colled the 
hiftory of the phenomena which take place amongft 
Datura! things, viz. amongfl the bodies of the 
Univerfe % to inreftigate their caufes and efftfts ; 
and thence to deduce fuch natural laws, as mvf 
afterward^ be applied to a variety of ufefiil pur* 

pofcs^# 

Natural 



mm 



• The word phslofopby is of Greek origin. Pitagoras, 
I learned Greek, feems to have been the firft who called 
kimfelf pbilofopher } rit» a lover of knowledge^ orof wiC- 

TPL4 u 9 doifi^ 



t 0/ VnitosoTHit in general; 

Natural things means all bodies ; and the aflem^ 
blage or fyftem of them all is called the miverfe. 

The word phenomenon fignifies an appearance, or^ 
In a more enlarged acceptation, whatever is per- 
ceived by ;our fenfes*.. Thus the fall of a ftone^ 
the evaporation of water,. the folution of fait in 
water, a flafti of lightning, and fo on 's are all 
phenomena. . 

As all phenomena depend on properties peculiar 
to different bodies , for it is a property of a ftonc 
to fall towards the earth, of the water to 'be 
evaporable, 9f the fait to be fotuble in water, ftcc^ 
therefore we fay that the bufinefs of natural phi- 
loibphy is to exartiine the properties of the various . 
bodie.s of the univcrfe, to inveftigate their caufes^ 
and thence- to infer ufeful d^duflionSr 

Agreeably 

■_ ■ . ■ ■ ■ ■■-->■-■ 

tiom, from the words ^/Xoj, a Itroet or friend^ atid ^oplofj of 
inowUdge ox wifdam. Moral philofophy-is derived from 
the latin mos^ or its plural mores^^ fignifyifig manners of 
behaviour. It has been likewife .called ^MiVf^frosi th^ 
Greek SJb^ mos^ manner^ behaviour* Natural pl\ilofophy 
* has alfp been called phyfta^ phyfiology^ and expfrimintal phi^ 
- lofophy. The firft of thofe names is derived from ^iciif 
natui'e, or ^ua-ixyii natural j the fecond Is deriveAfrom ^ijiff 
nature^ aafJ ^070^, a difcourfe ; the laft denomination,. which 
was introduced not many years "ago, is obvioufly derived 
from the juft method of experimental inveftigation, wbich- 
has be^n univerfally adopted fince the revival of Ifsirmng 
In Europe. 

• JPhenomemny whofe plural h phenomena^ owes Its •ri^im 
..to the Greek word ^/iid, to appear. 






and ih Rulii 6f PUlofaphizing. % 

t 

Agreeably to thU^ the reader will find in the 
tourfii of this work, an account of the principal 
properties of natural bodies, arranged under dif^ 
tin<5t head$, with an explanation of their efieds,. 
ftnd of the caufes on which they depend, as far 
lEU has been afcertained by means of reafoning and 
experience ; he will be informed of the principal 
hypothefes that have been offered for the explana- 
tion of fa£^§, whofe caufes have not yet been 
demonftratively proved \ he will find a ftatement 
of the laws of nature, or of fuch rules as have 
been deduced from the concurrence of fimilar 
fads \ and, laftly, he will be inftrufted in the ma^ 
nagement of philofophical inftrumerits, and in the 
tnode of ^rforming the experiments that nuy be 
thought neceffary either for the illuftration of what 
has. been already afcertained, or for the farther 
inveftigation of the properties of natural bodies. 

- We nieed not fay much with refpeft to the end 
ordeiign of , natural philofophy-— Its application 
imd its ufes,. or the advantages which mankind 
may derive therefrom, will be eafily fuggefted by a 
tery fuperficial examination of whatever takes 
place about us. The jproperties of the air we 
breathe % the adtion and power of our limbs ; the 
light, the founds and other perceptions of our 
ien(esf the a6bions of the engines that are ufed in 
bufbandry^ navigjition, &c.i the viciffitudes of 
the feafons, the movements of the celefl:ial bodies, 
and fb forth i da all &I1 under the conlideration of 

. B 2 the 
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the philofopher. Our welfare, pur very cxiftcnce^ 
oepends upon them. 

A very flight acquaintance with the political 
ftate of the world, will be fufficient to fhew^ that 
the cultiv2ition of the various branches of natural 
philofophy has aftually placed the Europeans and 
their colonies above ttle reft of mankind. Theit 
difcoveries and improvements in aftronomy, c^tics» 
navigation, chemiftry, ma^netifm, mineralogy, and 
in the numerous arts which depend on thofe and 
ofher branches of philofophy, ha,ve fupplied theni 
with innumerable articles of ufe and luxury, have 
multiplied their riches, and have extended their 
powers to a degree even beyond the expeftations 
of our predeceflbrs. " 

The various properties of matter may be divided 
into two clafles, viz, the general properties j which 
belong to all bodies, and the piculiar properties^ or 
thofe which belong to certain bodies only, exdu- 
lively of qthei^s. 

In the iSrft part of this work we (hall examine 
the general properties oi matter, Thofe which 
belong to certain bodies only, will be treated of 
in the fecond. In the third part we fliall examine 
the properties of fuch fubflances as may be called 
hypothetical ','t\\t\v exiften€e having not yet been 
fatisfaftorily proved. In the fourth we fliall ex- 
tend our views bevond the limits of oiir Earth* 
and ih all examine the number< the movements,^ 
and other properties of the celeftiat' bodies* 

The 



ond the Rules of Philofophmng. • )^ 

The fifth, or laft part, will contain fcveral de- 
tached articles, fuch as the defcription of feveral 
additional experiments, machines, &c. which can* 
not conveniently be inferted in the preceding 
divifions* 

The axioms of philofophy, or the axioms which 
have been deduced from Common and conftant 
experience, arp fo evident and fo generally knowm 
that it will be fufScient to meotion a few of them 
only. 

I. Nothing has no property; hence, 

II. No fubftance, or nothing, can be produced 
frob nothing. 

IIL Matter cannot be anmhilated, or reduced 
to nothing. 

Some perfons may perhaps not readily admit 
the propriety of this axiom ; feeing that a great 
many things appear to be utterly deftroyed by the 
aftion of fire ; alfo that water may be caufed to 
disappear by means of evaporation, and fo forth. 
But it muft be obferved, that in thofe cafes the 
fubftances are ndt annihilated y but they are only 
difperfed, or removed firom one place to another, 
er they are divided into particles fo minute as to 
elude our fenfes. Thus when a piece of wood is 
placed upon the fire, the greateft part of it difap* 
pears^ and a few afhes only remain, the weight 
and bulk of which does not amount to the hun- 
dredth part of that of the original piece of wood. 
Now in this cafe the piece of wood is divided into 

? 3 its 
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its component fubftances, which the aftion of the 
fire drives di^erent Ways : the fluid part, for in- 
ftance, becomes fteam, the light coaly part either 
adheres to the chimney or is difperfed through the 
air, &c. And if, after the combuftion, the fcattered 
materials were coUeded together, (which may in 
great meafure be done), the fum of their weights 
Would . equal the weight of the original piece of 
wood* 

IV. Every effeft has, or is produced b)^ a qaufe, 
and is proportionate to it. 

It may in general 'be obferved with refpeft to 
thofe axioms, that we only mean to aflert what has 
been conftantly (hewn, and confirmed by experi- 
ence, and is not contradided either by reafon, oi^ 
by any experiment. But we do not mean to aflert 
that they are as evident as the axioms of geometry \ 
nor do we in the lead prefume to prefcribe limits 
to the agency of the Almighty Creator of every 
thing, whofe power and whofe ends are too far re- ' 
moved from the reach of our underftandings. 

Having ftated the principal axioms of philofo- 
phy, it is in the next place necefllary to mention 
the rules of philofophizing, which have been form-? 
ed after inaturc confideration, for the purpofe of 
preventing errors as much as poflitle, and in order 
to lead the ftudent.of nature along the fliorteft and 
fafeft way, to the attainment of true and ufeful 
knowledge.— Thofe rules are not more than four ; 
viz. 

I. We 



. gkJ the iiu/es oj Thilofiphizing. 7 

I. Wc are to admit no more caufes of natural 
thbgs, than fuch as are both true and fufficient to 
explain the appearances, . 

IL Therefore to the &me natural cffefts we 
muft, as far as pofliWe, aflign the fame caufes. 

II L Such qualities of bodies as are not capable 
of increafe or dccreafe, and which are found to be- 
long to all bodies within the reach of our experi^ 
meats, are to be efteemed the univerfal qualities of 
all bodies whatfoevcr. 

IV; In experimental philofophy we are to look 
upon propofttions coUeded by general induction 
, from phenomena, as accurately or very nearly true, 
notwithftanding any contrary hypothefes that may 
be imagined, till fuch time as other phenomena 
occur, by which they either may be correfted, or 
may be fecwn to be liable to exceptions. 

With refpeft to the d^ree of evidence which 
ought to be expected in natural philofophy, it is 
neceffary to remark, that phyfical matters cannot 
in general be capable of fuch abfolute certainty as^ 
the branches of mathematics.— The propofitions of 
the latter fcience are clearly deduced from a fet of 
axioms fo very fimple and evident, as to convey 
peffedt conviftipn to the mind ; nor can any of 
them be denied without a manifeft abfurdity. But 
in natural philofophy we can only fay, that becaufe 
fome particular efFefts iiave been conftantly pro- 
duced under certain ^circUmftanccs j therefore they 
will moil likely continue to be produced as long 
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as the fame circumftances exifli and likewife that- 
they do, in all probability, depend upon thofc 
circumftances. And this is what we mean by lams 
pf nature 'i as will be more particularly defined in 
the next chapter. 

We may, indeed, afTume various phyfical prinr 
ciples, and by reafoning upon them, we may ftriftly 
demonftrate the deduftion of certain confequences. 
But as the demonftration goes no farther than to 
prove that fuch confequences muft necefTarily foU 
low the principles which have beea affumed, the 
confequences themfelves can have no greater degree 
of certainty than the principles are poffefledof; fo 
that they are true, or falfe, or probable, according 
as the principles upon which they depend are true, 
or falfe, or probable. It has been found, for in- 
, ftance, that a magnet, when left at libfeirty, does al- 
ways direft itfelf to certain parts of the worlds upon 
which property the mariner's compafs has b^en 
conftrufted; and it has been likewife obferved, 
that this diredive property of a natural or artificial 
magnet, is not obftrufted by the interpofition or 
proximity of gold, or filver, or glafs, or, in (hort, 
of 2^ny other fubftance, as far /as has been tried, 
excepting iron and ferrugineous bodies. Now 
affuming this obfervation as a principle, it naturally 
follows, that, iron excepted, the box of the mari- 
ner's compafs may be made of any fubftance that 
tnay be moft agreeable to the workman, or that 
may beft anfwer other purpofcs. Yet it muft be 

confeffed. 
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confefled, that this propofition is by ho means fb 
certain as a geometrical one; and ftridtly fpeaking it 
may only be faid to be highly probable ; for though, 
all the bodies that have beon tried with this view, 
iron excepted, have been found not to affect the 
diredtive property of the magnet or magnetic needle; 

yet we are not certain that a body, or fome com- 

« 

bination of bodies, may not hereafter be difcovered, 
which may obftruft that property. 

Notwithftanding this obfervation,'! am far from 
meaning to encourage fcepticifni ; my only objedt 
being to (hew that jtrfl and proper degree of con-» 
viftion which ought to be annexed tophyfi cal 
knowledge ; fo that the ftudent of this fcience may 
become neither a blind believer, nor a ufelefs 
fccptic*. 

Befides a ftrift adherence to.theabovementioaed 
rules, whoever wilhes to make. any proficiency in 
the ftudy of nature, fliould make himfelf acquaint- 
ed with the various branches of mathematics i at 
leaft with the elements of geometry, arithmetic, 
trigonometry, and the principal properties of the 

' conic 



. * Scepticifm or (kepticifm is the do<afine of the fceptics^ ait 
ancient fet of philofophers, whofe peculiar tenet was, that 
all things are uncertain and incomprehenfible ; and that the 
miiid is never toaflent to any thing, but to rematiy in an ab- 
solute ftate of hefitation and indifference. •— The word^ 
fceptic is derived from the Greek ^KiTrlix&'y which fig- 
oifies confiJerate^ and inqulfitivf* 
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conic fcdions ; for fince almoft: every phyfical efieA 
depends upon motion, magnitude, and figure, it ii 
it^ipoffiblc to calculate velocities, powers, weights/ 
-times, &c, without a competent degree of mathc- 
matical knowledge ; which fcience may in truth be 
called the language of nature. ^ 



CHAPTER II. 

CONTAINING A GEKERAL IDEA OF MATTER; 

AND ITS PROPERTIES. 

Of the Elements ; — and the Definitions of IVords 
- that are principally ufed in Natural Philofophy. . 

n|"^HE matter or fubftance of the bodies which 
JL we fee, feel, tafte, or, in fliort, that affeft 
our fenfes, becomes known to us merely by its 
properties. We know that the fun exifts becaufe 
we fee 'its luminous and circular ftiapci becaufe 
we feel its heat. We know that the ground exifts 
becaufe we fee it, and feel it with our limbs. We 
acknowledge the exiftence of air, bqcaufe we feel 
^e refiftance it offers to the motion of other bodies, 
&c. Now the fun, the ground, the air, and all 
other bodies, muft, agreeably to the firft axiom, 
corifift oF fomething. That fomething is called 
matter 'y yet we areperfeftly ignorant of the intimate 
nature of that matter; fince we are unable to fay 

whether 
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whether it confifts of particles of any definite fize, 
ihape, and hardhefs ; and whether all the bodies 6f 
the univerfe confift of the fame fort of matter dif- 
ferently modified, or of different forts of matter; 
and in the latter, cafe, we can form no conjedure 
refpeding the pofiible number of thofe different 
forts, - 

Spme philofophers have fteadily fupported that 
there is one fort only of original matter, and that 
the variety of bodies arifes from the various arrange- 
ments of that primitive matter ; like pafte, bread, 
and bifcuits, which may be faid to confift of the 
lame matter, \\z. flour. 

Other philofophers have believed that the forts 
of primitive matter, or ekmemsy are two. Others, 
that they are three. Others again, that they are 
four or five, or fix or feven, and fo on. But the 
hifl:ory of fuppofitions muft not be miftaken for the 
Icnowledge of fadts *. 

The truth is, that the prefent ftate of knowledge 
does not furnifli us with reafons fufficient to deter- ^ 

mine 
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♦ Whoever wifhes to cTcamine the various ideas that 
have been entertained cojicerning original matter, and the 
number of the elerfients, muft confult the works of the foU 
lowing authors; but his labour will not be colnpenfated by 
any material information: A riftotle 4 Plato ; Boyle, on the 
principles of natural bodies ; Newton's Optics ^ Wood* 
ward's* Nat. Hift^, of the Earth, p. v. ; Muffchenbroek's 
Elements of Phyf. § 61, 83, 383 ; Keill Introd. to Nat. 
Phil. Le£l. viit* \ Higgins on Light; Chambers's Cyclop; 
and Button's Mathem. Did. Art. Element. 
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pnine the number of the elements. Modern chc- 
luifts, indeed, find from therefult of their'numefous 
analyfcs, that all the bodies which hdve been fub'' 
jedcd to experiments, are either the fubftanccs that 
arc mentioned in the following lift, or they arc a 
combination of fome of them. Yet no great con- 
fidence (hould be placed upon their number ; for 
bcfidcs there being great fufpicion that feveral of 
them are ftill refolvable into fimpler components \ 
new fubftances are almoft: daily difcovered by the 
prefent rapid progrefs of philofophical invefl:igation ; 
and fome of them are merely hypothetical. 

The following fifl: contains the bare names of 
thofe elementary fubftances which are at prefent 
acknowledged by the philofophical chemifts, or fuch 
as chemifts have not yet been able to decom- 
pofe ; but a full explanation of the fame will be 
found in other chapters of this work; and till 
then the reader is requefted not to endeavour 
to inveftigate the meaning of their names, -or to 
take any farther notice of them. 



Light, 

Calorific, or Caloric, 
Xhe Eledlric Fluid, 
TheMagnjetic Fluid, 
Oxygen, 
Hydrogen, 
Azote, 
Carbon, 
, Sulphur, 



Phofphbrus, 
Radical muriatic. 
Radical boracic, 
Radical fluoric. 
Radical fuccinic. 
Radical acetic. 
Radical tartaric, 
Radical pyro- tartaric. 
Radical oxalic,, 

Radical 
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Radical gallic. 


' Nickel, 


Radical cy trie. 


Cobalt, 


Radical malic. 


Blfmuth, 


Radical benzoic. Antimony, 


Radical pyrg-lignic, 


Zinc, 


Radical pyro-mucic, 


Iron, 


^ Radical camphoric, 


Tin, 


Radical ladtic, 


Lead, 


Radical fach-kiftic. 


Copper, 


Radical formic. 


Mercury, 


Radical pruffic. 


Silver, 


Radical febacic, 


Platina, 


Radical bombic. Gold, 


Radical laccic. 


Silica, 


Radical fuberic. 


Argill, 


Radical zoohic, 


Baryt, 


Arfenic, 


, Strontian, 


Molybdenite, 


Lime, 


Tungflen, 


Magnefia, 

1 


Chrome, 


Jargonia, 


Titanite, 


Vegetable alkali. 


Sylvanite, 


Foffil alkali, and 


Uranite, 


Vplatile alkali. 


Minganefe, 




. Though moft of the words that frequently occur 


in the fubjeit of the prefent work, are generally 


ufed in common language, yet the accuracy of 


philofophical defcriptions fuggefts the necelTity of 


defining their meanings with a greater degree of 


preclfion, in order to avoid, as much as poflible. 


• 


any 
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iiny ambiguity of fenfe, or any uncertainty of cx- 
preflion, _,^ 

Befides thofe which are mentioned in the prefent 
chapter, there arefeveral other words which deferve 
likewife to be particularly defined > but thofe we 
(hall explain occafionally in the courfe of the 
work, and when the mind of the reader may be 
^better difpofed to comprehend their meanings^ 
. Space (though it be incapable of a proper de- 
finition) may be faid to be that uiiiverfal and un- 
limited expanfe in which all bodies arc contained ; 
and that part of fpace, which is occupied by any 
particular body, is called the place of that body* 

Space is diftinguifhed into abjolute^ and relative i 
Abfoiute fpace is that which is referred to nothing, 
and remains always fimilar and immoveable, ReUiJ^ 
the fpace is the fame with abfoiute fpace in magni-' 
tide and 'figure, but not in fituation. Suppofe, 
for example, that a fhip flood perfeftly immoveable 
in the univerfe, the fpace which is contained within . 
its cavity, would be called abfoiute fpace. But if 
the fliip be in motion, then the fame fpace within 
\i W\\\ht C2X\Q,d relative fpace. 

Place is likewife diflinguifhed into abfohm and 
relatives the former being injmoYeable and per- 
manent ; whereas the latter refers to other bodies. 
Thus if a man be feated in a corner of a fliip whilft 
the fhip is failing along, he is faid to remain in the 
fame place relatively to the parts of the (hip ; yet 
he is continually changing his abfoiute place. 

I , • Re^ 



and its Froptrties.- ij 

Reft is the permanence of any body in the (ame 
place, and it is called abfolute reft^ or relative reji^ 
as. the place, »which the body occupies, is either 
abfolute or relative. 

MotioHy on the cbntrary, is a continual and fuc- 
ceffive change of. place. And. it is called abfolute 
motion or relative motion, accordmg as the cliange of 
fituation is niadc in abfolute or in relative place. 

Thus, if a (hip were to remain immoveable in 
the univerfe, a man fitting in a corner of it, would 
be (aid to be abfolutely at reft ; but if the fhip be 
in motion whilft the man remains fitting, then this 
man will be faid to be at reft relatively to the parts 
of the (hipi though he is actually or abfolutely in 
motion.— Farther, fuppofe that the fhip were to 
move equably forward over a diftance equal to its 
length, and that at the fame time the man in his 
chair were drawn from the fore to the back part of 
the (hip, with the fame equable motion, then the - 
man would be in motion relatively to the parts of 
the (hip ; yet be would remain in the fame abfolute 
place. 

With refpeft to the words matter and ioJyy we 
fiiall for the prefent only remark the following dif- 
ference between them v viz.' that the word matter 
has no relation to any determinate figure;, whereas 
the word body more generally means fome feparate 
and determinate quantity of matter. Thus we fay 
with propriety, -that tAe movements of the celeftial 
bodies are difficultly detcrminedy and th§ matter which 

forms 
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forms the atmofphere is heterogeneous ^ wherteiis* it 
would be improper to change the places of the 
words body and matter^ by faying that the movements 
of the cekftial matters are difficultly determined y and 
the body which forms the atmofphere is heterogeneous. 

Timey ftriftly fpeaking, is incapable of definition, 
and the only thing we can remark with refpeft to 
it, is the difference between abfolute and relative 
time. Abfolute time flows equably, but does not 
refer to the motion of bodies. Relative time ia that 
portion of abfolute time, during which a certain 
movement is performed, and we aflume fome of 
thofe movements, when they are equably and 
fteadily performed, as the meafures of time. Thus 
that portion of abfolute time which thfe fun em-* 
ploys in performing its apparent revolution round 
the earth, is called a day ; the 24th part of that 
day is called an houri 365 times that day is called 
a year^ and fo on* 

- The properties of a tiling ate thofe qualities and 
operations wliich belong to that thing, and by 
which it is diftinguiftied fi-pm other things that da 
not poflefs the fame properties. It is, fot inftance, 
a property of the fun to be luminous, of the magnet 
to attraft iron, &Cv 

The hardnefsoi^ body is that degree of refiffahce 
which the body offers to any power that may be 
applied for the purpofe of fcparating its part*. 
Whereas fluidity is the want of that refiftance; 
fo that a perfed fluid is that body whofc parts ma;^ 

b^ 
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be (q>atatcd hy the application of the leaft force. 
It will appear from the fequel that we are not ac- 
quainted with any perfeftiy hard, or any perfeftly 
fluid,, body; fo that we can only examine the in- 
termediate gradations, which exift between thofc 
extremes; but thofe gradations which are exprefled 
by the words hardnejs'^ rigidity^ brittlenefs^ tmighnefs^ 
foftnefsy damminejsy fluidity^ iSc. are incapable oi 
precife definitions or limits. 

Caufe and effeEl are relative terms ; the effeEl be-^ 
ing that which is produced by the caufe, ind the 
mufe that which produces the eifeft. 

Caufes as well as efFe&s are diftinguifhed into 
primary^ fecondary^ &c. or into immediate and remote^ 
Tiius when the heat of the fun rarefies the air, that 
rarefaftion produce^ wind, and that wind impels a 
(hip forward. In this cafe the heat of the fun is 
the caufe of the wind ; the wind is the eiFeft of the , 
rarefa&ion, and is at the fame time the caufe of 
the (hip's motion ; the motion of the (hip is effeft* 
cd by the aftion of the wind, fo that the wind is the 
immediate, and the heat of the ilm is the remote^ 
caufe of the (hip's motion. 

A law -of naturey or mecoanical law^ is a general 
effed, which has been conftantly obferved to take 
place under certain determinate circumftances*. 
Thus we know from conftant and univerfal experi- 
ence, that whenever a body is left to itfelf, ft al- 

/ ways 

^ ■ ■ I I • ■■ ■ I ■ ■ V ■ ■ ' ■ ' 

♦ Mechanical means fomething that relates to, or is regu- 
lated by, the nature and laws of motion. 
Vol. I. ' C 
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ways falls towards the centre of the earth, unlefs 
fome other body prevents it ; we' therefore affume 
this obfervation as a law of nature, and exprefs it 
by faying, that the various bodies of the earth tend^ or 
gravitate^ towards the centre of it. 

The exiftence or non^xiftence of a t^jfwww, mean- 
ing an extenfion entirely void of niatter, has often 
been difputed amongft philofophers ; their argu- 
ments always depending \ipon fome affumed hy- 
pothefis concerning the intimate nature of matter 
or of its ultimiatc particles ; but as We are utterly 
ignorant of the nature and properties of thofe parti- 
cles, their arguments cannot determine the queftion 
one way or the other. — The only conclufions we 
cdn make with refpedl to a vacuum^ are ift. that 
the poffibility of its exiftence can be eafily ima- 
. gined; idly, that we are not certain whether it 
really exift or not ; and laftly, that if it be ad- 
mitted that the figure of the leaft particles of mat- 
ter is unchangeable, the motions of bodies, fuoh as 
continually take" place in the univerfe, cannot be 
underftood without admitting the exiftence of x 
vacuum. 

The word infinity hsiS likewife been produftive of 
numerous difputes. Many odd pofitions have been 
affumed for the fupport of fpecipus arguments, 
and feveral abfurd confequences have been deduced 
from them. Thofe errors Jiave principally arifen 
from the idea of fomething determinate, which has 
been annexed to the words infinite^ or infinity ^ in- 

ftead 
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ftead of /bmethin^ indefinite or indeterminate. In 
confequenee of this idea, infinites have often been 
compared together, and one infinite has been (aid 
to be/ the double, or treble, or the half, &c. of 
another infinite 5 whereas infinites, (in the true 
fenfe of the word, which means fomething greater 
or lefs flian any alGgnable quantity, but not deter- 
minate) are incapable of comparifgnj fince an 
indeterminate quantity cannot bear any affignable 
proportion to another indeterminate quantity j and 
of courfe one infinite cannot be faid to be greater 
than, equal to, or lefs than, another infinite. 

It has been ufually alledged, fhat if a line be 
infinitely extended one way only, and another line 
be infinitely extended both ways ; the latter in- x 
finite line muft be double the former infinite line, 
which evidently implies a limited or determinate 
length ; namely, that the lat,ter line has Been ex- 
tended on either fide as much as the former line 
has been extended one way only. 

Again ; take the length of one inch, and fup* 
pofe it to be divided into an infinite number of 
parts. Take alfo the length of a foot, and fuppofc 
this to be divided into an infinite number of parts. 
Here, they fay, it is evident that the latter infinite 
isexadkly equal to twelve times the former. But 
this, in my hundble opinion, feems to be a miftaken 
conclufion; for the expreffions of infinity donbt rc- 
. fer to the extenfions of one foot and one inch j but 
to the numbers of the parts into which thofe extcn- 

c 2 fionft 
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fions have been divided ; and thofc numbers can bear 
no aflignable proportion to each other \ juft becaufc 
they are infinite. , 

The faft then is, that one foot' is equal to twck6 
' times one inch; and if each of thofe extenfions be 
divided into any number of parts equal to each other 
in length, the number of parts in the extenfion of 
one foot will be equal to twelve times the number 
of the parts that are contained in the extenfion ol 
one inch; but this is not the meaning of dividing 
a foot or an inch into an infinite number of parts \ 
therefore when the foot and the inch, are each 
divided into an infinite number of parts, thofc 
numbers have no aflignable proportion to each 
other ; though the fum of the former is undoubt- 
edly equal to twelve tinies the fum of the latter*, 

♦ Numerous inftances of an infinite number of quan- 
tities having a finite or determinate fum, occur both ir 
arithmetic and in geometry. In geometry it is fhewn, thai 
af finite line may be divided into an infinite number o 
parts ; and it is evident that' the fum of all thofe parts mud 
be tqual to the line itfelf ; viz. a finite quantity. In arith- 
metic it is fhewn, bcfides many other inftances, thatif yoi 
,,. take one half, and one half of that half, and one half of tfe< 
laft half, and fo on without end, the fum of them all Ij 
•qualtoonc; that isi + J + |+^+/5+^ &c.=:i. 
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Of the General Properties of Matter. 2 1 
C H A P T E R IIL 

OF THE GENERAL, OR COMMON, PROPERTIES 

OF MATTER. 

IT has been already remarked, that a body is 
diftinguiflied from other bodies by means of 
its peculiar properties.- Thus we , know water by 
its fluidity, and by its want of tafte, fmell, and 
colour i gold is. known by its great weight and 
peculiar colour; fait is known by its particular 
tafte ; and fo forth. But there are certain pro- 
perties, which belong equally to water, to gold, 19 
fait, and to all other bodies. Extenfion for inftance 
is a property which belongs te them all ; for they 
all are extended. So likewife is weight ; for they 
all are more or lefs heavy. Such then are called 
Qeneraly or Common^ Properties of Matter ; and, as 
far as we know, they are fixini^umber; viz. ex-- 
tenfion^ divifibility ^ impenetrability^ mobility^ vis iner^ 
/», or pajjivenefs^ and gravitation. 

We have faid above, as far as we know, becaufe 
matter in general may poflefs other properties, 
that are not yet come to our knowledge. And the 
lame obfervation may be'made with refpedt to the 
univerfality of thofe properties; viz. that they are 
faid to be general, becaufe no body was ever found 
wanting any one of them. But mankind is not 
^c^iiaintcd with all the bodies of the univerfe, and 
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' even feveral of thofe which are known to exift, 
cannot be fubjefted to experiments. 

Extenjion of a body is tlie quantity of fpace which 
a body occupies ; the extremities of which, limit 
or circumfcribe the matter of that body. It is 
otherwife called the magnitude y or JizCy or bulk of 
a body. - 

A certain quantity of matter may indeed be very 
fmall, or fo fine as to penetrate the pores of moft 
' other bodie;Si but yet fomeextenfion it muft have; 
and it is by the comparifon of this property that 
one body is faid to be larger than, equal to, or 
fnialler than, another body.. The meafurement of 
a body confifts in the comparifon of the extenfion 
of that body with a certain determinate extenfion, 
which is aflumed for the ftandard, fuch .as an 
inch, a foot, a yard, a mile ; and hence we fay that 
a certain body is three feet long, another body is 
the hundredth part of an inch in length, and 
fo on *. 

A body is not only extended, but it is extended 
three different ways, viz. it has lengthy breadth^ and ' 
thicknefs. Thus an ordinary (heet of writing paper 
is about fixteen inches long, fourteen inches broad, 

and 



♦ The attempts, which have been made for the purpofe 
of eftablifliing an invariable ftandard of meafure, together 
vrith the difficuhies which obftru6l the perfe£^ accomp)ifh« 
men^ of that objed; las ^Ifo the principal meafurcs vt^hich 

^re now in uib, wijil be mentioned in anelher part of this 

■ ...» 

work. 
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and one hundredth part of an inch thick. Eithei . 
of thofe dimenfions might be called the length, oi 
the breadth, or the ' thicknefs ; but^ by general 
cuftom, the longeft extenfion is called the length, 
the next is called the breadth, and the Ihorteft is 

. called the thicknefs, ^ ' 

The QUtfide of a body ; the boundary, or that- 

" which lies contiguous to other bodies that are in 
contaft with it, is called tkefurface of that body, 
and it has two dimenfions only, viz. length and 
breadth j but it cannot have any thicknefs, for if ' 
it had thicknefs, it would not be the outfide of the 
body ; yet a furface by itfelf cannot exift. We 
indeed talk of furfapes independent of riiatter, as 
when we compare one furface with another, or 
defcribe the methods of meafuring and dividing 
furfaces. In thofe cafes, however, the furfaces 
exift in ,o\ii imagination only, and even then our 
ideas have a reference to body. In (liort,our ferifes 
cannot perceive a furface without the exiftence of 
a body'; or, more properly fpeaking, the outfide of 
a body cannot exift without the body itfelf. 

As the furface is the outfide or boundary of a 
body, fo a line is tjie boundary of a furface; fup- 
pofe, for inftance, that a furface is divided into two 
parts, the common boundary of the two parts ia 
called a line^ which has ohe extenfion, viz. length 
only. ' . ' \ 

A /)(?/«/ is the beginning, or the end, of a line,, 
and of courfe it has no extenfion ; it being defined 

«4 ' by 
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by the tnatheniaticians, that which has no parts, 
jlor magnitude. Thus if you divide a line into 
two parts, the divijfion or boundary between the 
two parts is ^?^ />(?/«/. , 

Having ihewn above that there cannot exift, or 
that our fenfes cannot perceive, a furface without a 

_body, it evidently follows that neither a line nor a 
point can be perceived without a bbdy. Wc fpeak * 
of the line of path of a planet ; we alfp fay that a 
ftone» thrown horizontally defcribes a curve line; 
but in thofe cafes the meaning is, that J:he planet^ 
or the ftone, has pafled through certain places; 
not that thofe lines do aftually exift as any thing 
fubftantial. When we look on a (heet of paper, 
we fee its furface, the edge of which, is a line, and 
tlie extremity of the line, or corner, of the paper^ 
is a point, ' Bijt if you remove the paper ; the fur- 

1 face, the line, and the point, vanifti from our figKtj^ 
and they can only remain in our imagination. 

Divijibility of matter i^ the property of its bein^ 
divifible into part3. Some philofophical writers 
have confidered it as a diftind: property of matter 
itfelf; l^ut it -may with more propriety be con- 
fidered as a property of extenfionj for we can 
eafiiy conceive that a given extenfion may be 
divided into any number of parts, let it be ever 
fo oreat ; but it is by no means known whether 
matter is, or is not, capable of being divided ad 
l^^«/V«;«, that is, Vtliout any limit, 

Xh^ a certain extenfion, as an inch, or any 
ether length, be it ever ^q iinalli, is ?apable of in^ 
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finite divifioiiy may be rendered evident by mean^ 
of arithmetic or of geometry. We may take, for 
inft^ce* the halves of the propofed extenfion, then, 
the halves of thofe parts, then the halves of thofe 
halves, and fo on without end ; for if you proceed , 
in this manner ever fp^ far, there will after all ftiU 
remain the halves of the laft parts, which may be 
alfp divided into other halves, &c. Again, fup- 
pofe the line AB in fig. ^ft. plate i. to be the pro- 
pofed extenfion. Through the extreme points 6f 
this line draw two indefinite lines EF, and CD, 
parallel to each other. In one of thofe lines, as 
EF, take a point L, and from this point draw 
ftraight lines to any parts of the line BD, eveiy 
one of which lines will evidently cut the propofed' 
extenfion AB into a different point. Now as the 
lineBD may bo, produced towards D without 
limitation, and ftraight lines may be drawn from 
L tp an infinite nuniber of points in the extended 
line BD ; therefore the extenfion AB may be di- 
vided without end, or beyond any aflSgnable numr 
ber of parts. 

Thus far we have (hewn that extenfion may be 
divifible into an unlimited number of p^rts ; but 
with refpedl to the limits of the divifibility of mat- 
ter ilf^lf we are perfefltiy in the dark. We can 
- indeed divide certain bodies into furprifingly fine 
and numerous particles, and the works of nature 
offer many fluids and folids of wonderful tenuity} ' 
byt both our ^tfpr^, ^»d thofe naturally fmall 

' . pbjeds^/ 
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objedls, advance a very fliort way tpwards infinity. 
Ignorant of the intimate nature of matter, we can- 
not affert whether it may be capable of infinite 
divifion, or whether it ultimately confifts of parti- 
cles of a certain fize, and of perfeft haronefs. 

I (hall now ^dd fome inf^ances of the wonderful 
tenuity of certain bodies, that has been produced 
either by art, or that has been difcovered by means 
of microfcopical obfervaf ions amongft the ftupen- 
dous works of nature. 

The fpinning of wool, filk, cotton, and fuchlike 
fubftances, affords no bad Specimens of this fort ^ 
, fince the thread which has be^n produced by this 
means, has often .been fo very fine as almoft to 
exceed the bounds of credibility, had it not been 
iufficiently well authenticated. Mr. Boyle men- 
tions, that two grains and a half of filk was fpun into 
a thread 300 yards long.' 

A few years ago a lady of Lincolnftiire fpun a 
fingle pdilnd of woollen-yarn into a thread 168000 
yards long, which is equal to 95 Englifh miles*. 
Alfo a fingle pound weight of fine cotton-yarn was 
lately fpun, in the neighbourhood of Manchefler, 
int'o a thread 134400 yards long. 
, The dudtility of gold likeWife furniflies a llriking 
example of the great tenuity of matter amongft 
the productions of human ingenuity. A fingle 
grain weight of gold has been often extended into 

a furface 

■ 1 

f This lady's name at that time was Mifs Ives^ It is 
now Mrs, Ay re, ' , 
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a furface equal to 50 fquare inches. 'If every 
fquare inch of it be divided into fquare particles of 
tbe hundredth part of an inch, whicH will be jdainljr 
vifible to the naked eye, the humberofthofeparti-i 
cf|es in one inch fquare will be 100005 and, mul- 
tiplying this number by the 50 inclies, tbcproduii 
is '500000; that is, the grain of gold may be 
aftually divided into at leaft half a million of parti-* 
cles, each of which is perfe<9:ly apparent to the 
naked eye. Yet if one of thdfe particles be viewed ' 
in a good microfcope, it will appear like a large 
ftirface, the ten-thoufandth part of which miglit 
by this means be eafily difcerned. 

An ingenious artift in London has been able to . 
draw parallel lines upon a glafs plate, as alfo upoa 
filver, fo near one another, that lOQooofthem 
occupy the fpace of one inch. — Thofe lines can be 
feen only by the afliftance of a very good micro- 
fcope, 

I Another workman has drawn a filver. wire, tli^ 
diameter of which does riot exceed the 750th part 
of an inch. 

But . thofe prodigies of human ingenuity will 
appear extremely grofs and rude, if they be com- 
pared with the immenfe fubtility of matter which 
may every where be obferved amongft the works of 
nature. The animal, the vegetable, and even tlie 
mineral, kingdorty, furnifti numerous examples rf 
this fort. 

What miifl: be the tenuity of the odoriferous parts 
of muik, when we find that a piece of it will fccat 

' a whole 
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a whole room in a (hort time, and yet it will 
^lardly lofe any fenfible part of its weight. But 
fuppofing it to have loft one hundredth part of a 
grain weight, when this fmall quantity is divided 
and difperfed through the whole room, it muft fa 
expand itfelf as not to leave an inch fquare of 
fpace where the fcnfe of fmell may not be aflfe<3:* 
cd by fome of its particles. How fmall muft 
then be the \veight and fize of one of thofe par- 
ticks?. 

The human eye, unaflifted by glaffes*, can fre- 
quently perceive infefts fo fmall as to be barely dif- 
cernible. The Kaft refleftion muft fhew him, that 
the limbs, the veffels, and otl)er negeflary pafts of 
fuch animals, muft infinitely exceed in finenefs every 
^ndeavour^of human art/ But the microfcope has 
difcovered wonders, that are vaftly fuperior, and 
fuch indeed as were utterly unknown to' our fore-** 
fathers, before the inventioii of that noble in.- 
ftrument. - ' 

Infedis have been difcovered,, fp fmall as not to 
exceed the loogoth part of an inch: fo that 
loooooooooooo of them might be contained with- 
in the fpace of one cubic inch ; yet each animalcule 
muft confift,of parts conhedted with each other i 
with veffels, with fluids, and with organs neceffary 
for its motion's, for its increafe, for its propagation, 
fee. How inconceivably fm;all muft tliofe organs 
be?. and yet they are unqueftionjibly compofed of 
s other parts ftill fmaller, and ftUl. farther removed 

■from the pefceptioa of our f^fes, 

' .^^ We 
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We might eafily fill a great mahy pages with 
examples and calculations relative to this fubjeft ; 
but as the pleafmg narration of fuch wonderful 
fafts IS not likely to give any real information .con- 
cerning the general properties of matter, which 
form the fubjeft of this part ©f the book, I muft 
refer the inquifitive reader to other works*. The 
confideratioil of this divifibility does alfo lead the 
mind to certain curious speculations, (i) 

The 

I ' 

♦ Boyle's book^ of Effluvia ; Keill's Introduflion to 
Nat. Phil. ; Rohault*s Phyficksj Phil. Tranf. N. 1941 
s'Gravefand's Phil. ; Muflchenbroek's Phil. &c. 

(i.) Several writers, when treating of the divifibilitjr 

of matter, have mentioned two curious theorem?, which I 

' fhall fubjoin in this note, as they may be of ufe to the fpe- 

culative philofopher. Thofe theorems are eftabliflied on 

the fuppofition that matter is divifible without end. 

Theorem I. A quantity of matter however fmall^ and 
any finite fpace however large^ being given \ it is pojjible that 
that matter may he dtffufed through all that fpace^ and fo fill 
it^ as not to leave in it a pore^ wh^fe diameter will exceed a 
given right Urn. • 

Let the given fpace be a cube, whofe fide is AB, fig. 
ad. P. I. fo that the cube be equal to Aii,l^ and let the 
quantity of matter be reprefented by ^'j alfo let the line 
P be the limit of the diameter of the pords. 

The fide AB being a finite-quantity, may be conceived 
to be divifible into parts eqmri to the line D. Let the num- 
ber of thofe parts be reprefented by «, fo that »D=:AB, and 
n^ t)*=:AB)'. Conceive the given fpace to be divided 
into cubes, each of whofe ficfes be equa) to the right line 

D, and 
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The contemplation of thofe wonders of natlire^ • 
' cannot fail of impreffing on our minds a ftrong 
kiea of humility as well as of aftonifliment.' — A vaft , 
gradation of animals perfed in their kind, but 
fmaller than the human being in fizeand duration, 
defcends as far down as pur eyes can poflibly 
difcern, even when they are affifle^ by tlie mofl 
powerful microfcopes. This vaft gradation, inftead 
of exhaufting the powers of nature, (hews the pro- 
bable 



D, and the niiruber of thofe cubes will be «', which cubes 
are reprefentcd in the fig. by E, F, G, H. Again-, let the 
particle P be fuppofcd to be divided into parts whofe num- 
ber be «*'i arid in each cubic* fpacc let there be placed one 
ot thofe particles'; by which means the matter h^ will be 
diffufed through all the given fpace. Befides ^ach particle 
beings placed in its cell, may be formed into a concave 
fphere, whofe diameter may be equal to the given line D ; 
whence it will follow, that each fphere will touch that 
which is next to it ; and thus the quantity of matter ^*, be 
it ever fo fmall, wiU fill the given firiite fpace, however 
'lai-ge,in fuch a manner as not to leave in it a pore larger 
in diameter than the given line D. 

Corollary. There may be a given' body, whofe matter if 
it be reduced into a fpace abfolucely full ; that fpace may be 
any given part of the former magnitude. 

Theorem II, There may he two bodies equal in bulk^ 
whofe quantities of matted, may be vtry unequal, and though 
they have ar,y given ratio to each other ^ yet the fums of the 
pof-es or empty /paces in thofe bodies may ahnoft approach thjt 
ratio of equality. 

The 
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liable exiftence of animated beings vaftly fmaller 
tnan thofe ; iior have we the leaft reafon to fix a 
limit to the feries. 

If we contemplate the ftate of exiftence of thpfe 
animals; of one, for inftancc, out of a large num- 
ber of the fame fpecies, that has been bom in a 
glafs of dirty water; whofe life la(ls but a few hours; 
and whofe fize is lefs than the 5000th part of an 
inch; for fuch animals have been aftually feen. 
If we indulge our fancy by confidering what know- 
ledge, or what ideas, can he poljlibly entertain of 
man, —of the earth,— of theuniverfe; we may 
without difficulty conclude, that, far from having 
any precife notions of our exiftence, he may in all 

probability 



The demonftration of this theorem is eafily cknvcd from 
the foregoing, for fince^ the matter of a body may be con- 
> ceived to be condenfable into any part of the orfginal bulk ; 
therefore fuppofing twa bodies, A and B of equal bulk, to 
be fuch that the matter of A be 100 times the matter of B ; 
the matter of B may be conceived to be condenfed into one 
]:x)oooooth part of its original bulk, and of courfe the 
matter of A will be condenfed in one hundred looooooth 
parts of the fame bulk; in which cafe the fpaces left in the x 
original bulk of B will be to the fpaces left in the original 
bulk of A as 999999 to 999900, which numbers are 
nearly equal to each other. * 

Inftead of the above-mentioned numbers, the proportioR 
of the quantities of matter may be iricreafed at pleafure, 
and fo may the proportion of the original bulks of the 
bodies to the fpaces into which they may be conceived to 
be condenlkble. 
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probability look upon the glafs of dirty water as: 
the boundary of the habitable world. Out of that 
water, traditiofi or his own experience, (hews him 
nothing but the inevitable deftrudlion of his fpecies, 
and a confufcd aflemblage of immenfe objefts, 
whofe nature and whofe motions are utterly inex- 
plicable to him. Yet he may poffibly fu(pe6t that 
thofe very pbjefts have, powers infinitely fuperior 
to thofe of his own fpecies. 

Let us now follow the anajogy, and let us briefly 
apply the fame contemplation to ourfelves. The 
planets, the ftars, the comets, and perhaps an in- 
finity of other bodies that are far beyond the reach 
of our kn©\*ledge, manifeft the exiftence of powers 
infinitely above us, and perhaps even lefs compre- 
henfible to us than we are to the .above-mentioned " 
animalcule. Confined to the globe of this earth, 
which is only a fpeck in the univerfe ; and, with, 
refpedt to us, not much better nor worfe than the 
glafs of dirty water is with refped to thofe infefts; 
how infignificant are our powers, ajid how imper- 
fed is our knowledge of nature ! How little likely 
are we to comprehend the real order of things, and 
the Great Wifdom that regulates the whole ! In 
this fublime inquiry the afliftahce of our reafoning 
faculty is trifling indeed ; the clew of analogy is 
fiiort and imperfeft; and our imagination foon 
lofes itfejf in the boundlefs extent of immenfity. 

Impenetrability^ is that property, by which a body 
excludes every other body from the place which 

itfelf 
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itfelf occupies. Thus one cannot ,drive a cubid 
inph of gold into a cubic inch of filver. You may 
indeed melt and incorporate thje two metals into 
one lump j but then the lump will meafure two 
cubic inches j which proves not that the gold oc- 
cupies the fame cubic inch of (pace which is occu- 
pied by the filver ; but that the particles of the 
two metals are placed contiguous to each dthcr. 
Thus alfo, if a quantity of water be put irito a 
ftrong veffel, for iriftance, of iron, and the veffel 
be accurately fhut up, it will not be poffible to 
prefs the fides of the veffel towards each other ; the 
matter which fills the cavity of it being fufficient 
to refift any degree of preflufe.' • ; ; 

Though impenetrability be admitted as a'ge- 
neral property of matter, it muft, however, be ob- 
ferved, that in certain fixtures of two or more 
bodies of different natures, a lofs of bulk does ac- 
tually take place ; thus if a cubic inch or fpirit of 
wine be mixed with a cubic inch of water, the bulk 
of the mixtjire will be fomewhat lefs ;than two cu- 
bic inches ; yet the weight of the mixture (pro- 
vided no evaporation be allowed to take place) 
will be equal to the fum of the weights of the two 
fluids ; which indicates that one of the fluids muft 
have filled up fome of the pores or vacuities of the 
other fluid. It is befides not unlikely tliat fome 
other finer fluid msty have efcaped in the aft of 
mixing the two bodies. 

In other parts of this work we Ihall take notice 
vot. I. p of 
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of the lofs of weight and other phenomena, that 
take place in many cafes of mixture'; but with re- 
fpeft to impenetrability itfelf, we may rather cobG- 
der it abftraftly as a property of the real quantity rf 
matter which exifts in bodies, independently of 
ppres and vacuities, than as a general property, 
without exception, of bodies in their ufual ftate of 
jexiftence. 

Mobility of matter is that eflential and general 
property, whereby any body is capable of being 
moved from one part of abfolute (pace to another 
part of it. Experience conftantly fhews, that the 
force, which is required to move a body, is propor- 
tionate to its weight i therefore we conclude with 
faying, that all bodies are capable of being moved ; 
provided an adeqiute force be employed to put 
them in motion. 

It is a fa£t proved by conftant and univerfkrex- 
perienjce, that the progrefs of a body in motion is 
jetarded precifely in proportion to the obftrudlion 
which the body meets with in its way. Thus if 
two bodies, A and B, exaftly alike in fhape, weight, 
and fubftance, be put in motion by equal impulfes, 
and meet with equal obftrudlions j by moving, for 
inftance, through the fame me<^ium, or by rolling 
over the (ame fort of plain furface, thofe two bodies 
will run over equal fpaces in equal times ; but if the 
body A meets with half the obflrudtion that the 
body^ B meets with, then A will go as far again as 
the body B; when A meets with a quarter of the 
5 obftrudion, 
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. obftruftion, it will go four times as far as B ; and 
in (hort, A. will percur a fpace longer than B, by 
as tniKrh as its obftru6bion is dimimflied ; and con- 
fcquently when the obftrudtion to A*s motion is en- 
tirely removed, A will go infinitely farther than B ; 
that is, it will continue to move for ever. It there- 
fore appears, that a body once put in motion has no 
power to ft'op itfelf j nor can its motion ceafe, 
unlefs fome force is exerted by fome external power 
agajnft it. 

By the fame fort of reafoning, we prove that a 
body at reft has no power to put itfelf in motion, 
and of courfe that it will continue for ever at reft, 
unlefs it be impelled by fome external power i for 
fince we find that a certain impulfe is required to 
tnove a body with a certain quicknefs, viz. fo as to 
let it run over the fpace of a mile in one minute 5 
that with half that impulfe it will percur half a mile; 
with the hundredth part of the original impulfe it 
will percur the hundredth part of a mile j it will 
naturally follow, that without any impulfe at all, it 
will not move in the leaft : a body therefore has no 
power either to put itfelf in motion if it be at reft, 
or to ftop itfelf if it be in motion : and this paflive- 
Hefe of matter is caHed the vis inertia:^ or want of 
flSm/y, of bodi^. ' 

A novice in philofophy nvty perhaps be iuduce4 
to fufpeiSt the truth or generality of this property of 
matter, by obferving that a man, or pther'animal, 
can eafily move himfelf from reft,. or ftop his 

D 2 motion: 
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motion : but in this cafe it mufl be remarked, that 
the animal receives a general impiilfe at the com,^ 
mcncement of his life, and that all his adions, as 
long a3 he cxifts, are the confequcnce of that ori* 
-ginal impulfe. I fhall endeavour to illuftrate this 
matter by an inftance of a much lefs complicated 
nature. 

It is very well known that a common eight-daj^ 
clock, when it is once woqnd up, will continue to 
move its pendulum for a whole week, and at the 
jcnd of every hour it will ftrike a number of (trokes 
on the bell. It is evident likewife that thofe mo- 
tions of the pendulum, the han^mer, &c. are owing 
to the original power or impulfe which was com- 
municated to the machine by the perfon who wound 
jt up J yet an ignorant man might fay, if bodies can- 
not put themfelves. in motion, nor can they flop 
themfeives when they are aftually in motion j how 
does it happen that the ftriking part of the clock 
puts itfelf in motion, and then flops itfel'f at the .end 
of every hour ? The anfwer is, that the power which 
was communicated, to the fpring or weight erf the 
clock, is fo regulated by the mechanifm, as to adb 
by little and little, fufficiently to keep the pendu- 
lum and the wheels in motion j and that when a 
particular part of one of thofe wheels comes agatnfl 
2k certain machinery, it then difen^ges a portion 
of the other power, viz. of the fpring or weight 
of the flriking part, which puts the hammer ir 
aaion. ■ ' - 

. . .^v\ Whj 
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What has been faid of the clock will peihaps be 

afficient to remove the difficuhy refpeding the dp- 

larent felf-moving power of more complicated me- 

:hanifms, fuch as that of an animal or vegetable 

3ody, But though we are led by the analogy of 

much Ampler movements, to admit the dependence 

of animal and vegetable motion on an original im- 

pulfe ; we do not, however, prefume to explain the 

origin, dependence, and poflible modifications of 

thatimpulfe; our underftandings, and our kilow- 

ledge, being as yet infufficient to explain the nature 

and the laws of that original energy. 

AttraBion is that property whereby, one body or 
part of matter attradts, or endeavours to get near, 
another body." There are feveral forts of attraction ; 
fuch as the magnetic attraction, which takes place 
between magnets and iron ; the eledbric attraction, 
which is obferved amongft bodies in certain circum* 
fiances, &c. Thefe attractions, however, belong 
to certain bodies only, and of courfe they muft be 
examined in other parts of this work. But there is 
a fort of attraction which belongs to bodies of every 
kind ; it is mutual among them, and it feems to 
pervade the univerfe. It is that property whereby 
bodies tend, or fall, towards the centre of the earth, 
and it has been called gravitation^ becaufe the 
quantity of that tendency in different bodies, is the 
meafiire of their weight or gravity. 

Experience, reafoning, and analogy, ihew that 
this gravitation exifts not only between the globe of 

p % the 
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the earth and the furrounding bodies, hut between 
all parts of matter. One terreftrial body gravitates 
or tends towards another terreftrial body ;. the 
moon gravitates towards the earth j the moon^ 
the earth, and all the planets, gravitate towards 
each other, and towards, the fun ; and probably 
the fun, with all its planetary fyftem,.may gravitate 
towards /fome other object. 

The motion of certain bodies which feem to fly 
away from the earth, muft not be confidered as an 
exception of this general law ; for in thofe c^fes the 
bodies only give way to other furrounding bodies of 
a heavier nature, viz. that have a greater tendency 
towards the earth. Thus fmoke, when extricated 
from burning bodies, goes upwards, or from the 
centre of the earth, becaufe the furrounding air, 
which is heavier than fnioke, takes its place : but 
if the air be removed, or at leaft it be fo far rarefied 
as to become lighta" than fmoke, then the fmoke 
will defcend like a ftohe or other heavier body:. 
Thus alfo if you drop a piece of cork into an empty 
veffel, the cork will go downwards or to the bottom 
of the veflcl 5 but if afterwards you pour water into 
the veffel, the cork will afcend in order to make way 
for the water, which has a greater tendei^^y towards 
the centre of the earth than an equal bulk of cork. 

Daily' and cohftant experience fli'^ws to every 
perfon, that near the furface of the earth, all bodies 
tend towards the centre of it, unlefs they are hin* 
dertd. bjr other bodies. But the reader may na- 
turally 
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turally aik, how is it known that the planets and 
the earth gravitate towards the fun ? The anfwer is, 
that from the accurate meafurements of the mo- 
tions of thofe planets^ they are found to follow the 
fame laws that bodies do, which are projected in a 
certain- manner near the furface of the earthy and 
whofe motion is undoubtedly determined by the 
power, of gravitation > we therefore, according to 
the rules of philofophizing, attribute fimilar caufe^ 
to fimilar effcds, and conclude that the planets gra- 
vitate towards th6 fun, in the fame manner as 
ftones, water, and other terreftrial bodies, gravitate 
towards the earth. 

What is the caufe of gravitation, or how can a 
body ad): upon another body through a certain 
fpace ? is a queftion which naturally prefents itfelf 
to the inquifitive mind \ but which we are utterly 
incapable to anfwer. 

A variety of conjedures have been formed, and^ 
many hypothetical fuppofitions have been ofifered, 
for the elucidation bf this queftion ; but as they are 
all mvolved in abfurdity and obfcurity, I (hill not 
detain my reader .with any account of thenei. AQ , 
we can fay is, that the eded is certain, the know- 
ledge of its laws is highly ufeful to mankind ; but 
its caufe is hidden amongft the myfteries of nature. 
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or MOTION IN GTENEHAI.; THE LAWS OF MO- ' 

• • .. ■ . ' 

TION, AND THE PROPERTIES OF SIMPLE MO- 
TION. 

• m 

O, F the general properties' of matter, the firfl: 
. three may be prefumed to have been fuffici- 
cntly illuftrated in the preceding chapter ; but the 
other three, viz. mobih^ty, vis inertia^ and gravita- 
tion, are the foundation of the extenfive doftrine of 
motion, or of mechanics ; and are therefore defcrv- 
ing of a full and particular examination. 

Almofl. all the phenomena of nature are owing to 
motion.' The appearance and difappearance of the 
coeleftial bodies ; the increafe of animals and vege- 
tables ; the compofition and decompofition of com- 
plex fubftances, fire, &c. are all effefted by .motioir. 
Therefore, the laws of motion mufl be looked upon 
as the foundation of natural philofophy \ fo that 
tyithout a clear comprehenfion of thofe laws, it will 
Jbe impoffible to make any proficiency in the ftudy 
of nature. 

The importance and extent of the fubjed, render 
it neceffary to divide the materials into leveral 
chapters, in each of whi^h fuch particulars will be 
arranged, as are more immediately connected with 
each other, and more conducive to concifenefs and 
perfpituity. 

It 
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It IS a natural conlequence of the vis inertia of 
Triatter, that whatever body is in motion, mull be 
fuppofed to have been put ift- motion by fome 
aftive force ; viz, fome external impuKe. 

This impelling force may be of tw<) forts. It 
may either communicate the impulfe at firft, andi 
then ceafe to ad, like tlie impulfe whicH is given 
to a bpliet by the difcharge of a gun ; or. it may 
aft irremittedly on the body in motion, like the ' 
force of gravity on a (lone that is dropped from 
any height. For diftinftion fake we fhall call the 
firft fimply an impulfe^ and the latter an accelerativc 
force. . ^ 

A body may be put in motion by one, two, or 
more forces at the fame time, and thofe forces 
may be either all fimple, or all accelerative, brfomc 
may be of one fort, and others of the other fort 

Mod of the movements that commonly t^e 
place in the wprld, are the effedi: of more than one 
impulfe 5 and they are never performed with per- 
feft freedDm, iince they are always performed in 
refifting mediums. However, in order to preferve 
pcrfpicuity as much as it lies in our power, we 
(ball in the firfl place examine the motions arifing 
from a fimple impulfe in U non-refifling medium, 
and fhall then proceed in the examination of the 
more intricate caufes of motion. 

Three general Taws of motion have been deduced 

from innumerable experiments and obfervations, 

by 
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by means df the* ftriftcft philofophical rcafoning;-^ 
They are as follows : 

I. Every body will coBtinae in its ftate of reft, 
cr of moving . uniformly in a ftraight line;-unle6 
it be compelled to change that ftate by forces im- 
prcfled. 

IL The change of motion is always proportional 
to the moving force iropreflcd, and is always made 
according to the right line, in which that force is 
imprefled. 

III. Adion and re-adtion are always equal and 
contrary to each other; or the adions of two 
bodies mutually upon each other, are always equal,^ 
aad direded towards contrary parts. 

The firft of thofe laws is evidently nothing more 
than the ;uis inertia of matter, announced in a dif- 

* 

ferent manner; excepting oply the affertion ojf the 
body moving in a ftraight,' and not in a curve, 
line, which particular may perhaps be deferving 
of fomc explanation. 

The proof of this particular property has Iike« 
wife been deduced fibm conftant experience ; for 
we find that whenever a body moves in a curve 
line, there always is fome fecondary power which 
forces it to deviate from the refbilinear courfe ; 
iixd that deviation is exaftly proportional to that 
fecondary power. Thus a ftone which is thrown 
horizontally would proceed horizontally in a 
llrai^t Ibe, were it not dtawn downwards by the 

force 
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force of gravity y and wc find by computation, 
that the deviation from the horizontal diredioa is 
exaftly jproportional to the force of gravity. 

Hence the fecond law has been deduced, ia 
which it is afferted that the change of motion i| 
always proportional to the moving force imprefTed, 
and is made according to the right line in which 
that force is imprefled ; for if it were made in z, 
crooked line, it would imply the aftion of a third 
force; and if it were not proportional to the moving 
force, the efFed would not be adequate- to the 
caufe. 

The third law may be eafily illuftrated by means 
of examples ; and the leaft reflexion on the phe-^ 
nOmena, which commonly' occur, will be fujfficient 
to manifeft the truth and univerfality of it; 

When amanftrikes one of his hands againft the 

other, the blow is felt equally by both hands. If 

' you ftrike a glafs bottle with a fteel hammer, the 

, blow will be received equally by the hammer and 

by the glafs bottle; -and it is immaterial whether 

the hammer be moved againft the bottle at^ refti 

6r the bottle be moved againft the hammer at reft ; 

yet the bottle will be broken, whereas the hammer 

will notjbecaufe the fame blow, whfch is fufE- 

cient to break gkfe, is not fufficient to break k 

jump of fteel. — It is for the fame rcafon, that if a 

man ftrike his fift againft another jman's face, the 

blow/ which is equally iecfived by the fift and by 

■j ' • the 
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the face, will produce a material hurt on the latter, 
but not upon the former. 

If a ttone be tied to a horfe by means of a rope, 
the horfe in dragging the ftone will exert a de- 
gree of force equal to the reftftance of the ftone ; 
for the rope which is ftretched both ways wiH 
equally pull the horfe towards the ftone, and the 
ftone towards the horfe. And, in faft, the ftone 
iPifill not follow tlie horfe, unlefs the • power of 
the, horfe be greater tlian the reiiftance of the 
ftone. 

Experience likewile (hews, that if a loadftone 
and a piece of iron be placed eri' feparate pieces of 
cofk, and be fuifered to float on the furface of 
water, the attradk)n between them will be mutual^ 
and they will move towards each other fa as to 
mtti in a place between their two original iitua- 
tions. If the loadftone only be held faft in its 
place, the iron will come all the way to meet 
its ^nd if the iron only be held faft in its place^ 
the magnet .will advance towards the jlron until k 
comes in contadt with it. 

The motion given to a boat by oars is likewife a 
convincing illuftration of the third law ; for by 
the adion of one extremity of each oar againft the 
water one way, its other end re-ads upon the boat, 
and impels it the contrary way. 

We fhall now examine the motion which is pro- 
duced by a iingle impulfe> which ads at firft only, 

and 
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tod then kaves the body to proceed by itfelf, in 
an unrefifting medium. 

It h;as been already Ihewn, that in this: cafe the 
body will continue to move uniformly j th^ is, it 
would run over equal fpaces in equ^l portions .of 
time ; and fuch would be the cafe Df a bullet fliot 
out of a gun, or of a ftone thrown oiit by a mail> 
hand,' were they not impeded by the refiftance of 
. the air, and were they not aAed upon by the 
force of gravity. But it is now neceflary to take 
notice of feveral particulars relative to this fort of 
motion. 

In the firft place it may be afked, how does the 
impelling force put the body in motion, or what 
does it communicate to the body ? The arifwcr 
is, that the moving force does not communicate 
any thing to the body; but it only moves the 
body thropgh a certain fpace in a certain time, 
after which the body, bdng left to itfelf, will con- 
tinue to move at the.fame rate, viz. will continue 
to run over like fpaces in the like portions of 
.time ; and that merely in confequence of its vis 
inerti^e '9 of which vis inert! ii^^ however, we do not 
pretend to know any thing oiiore, than that it has 
been found to be a general property of matter. 

All the particulars which can be remarked with 
refpeft to the above-mentioned fimple motion, are 
the relations between the time, in which a certain 
fpace is defcribed ; the fpaoe which is percurred 
in a certain time, the quantity of which. Ihews, 
" - the 
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the yelecityi the quantity of matter in motions; 
and laftly, the momentum^ by which word w€ mean 
the force of the body in motion, and reckon it 
Equivalent to the impreffion that the body in 
ihotion would make on another body at reft, 
that (hould be prefented to it precifely in the di* 
feftion of ks motion. 

The momenftftn has been often called ike quantity 
of motion^ or fim^Xy the motim i but we (hall not 
make ufe of the laft word in this fenfe, left it 
Ihould be miftaken for the velocity, in which 
fenfe it has been Ijkewife ufed. We (hall atfo 
exprefs the above-mentioned four particulars by 
their initial letters, viz. T for the time, S for the 
ipafce, V for the vdocity, Q for the quantity of 
matter, and M for the momentum. 

By the word velocity we mean nothing more than 
the ratio of the quantity of ipace which is run 
over in a certain portion of time. Thus it \s 
faid that a body moves with the velocity of three 
feet per fecund 5 alfo that the velocity of a body 
A is to the velocity of another body B, as two to 
three; meaning that if A goes over a certain ipace, 
as for inftahce, four miles, in a certain time, the. 
body B will percur fix miles in the fame time 5 
fihce two is to three as four is to fix. 

It is therefore evident, that in equal times the 
velocities are as the fpaces; but if the times be 
unequal, then the velocities are as the quotients of 
the fpaces divided by the times refpeftively. Thus 

fupp'-f- 
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fuppofe that a body A paffes over ten feet in tw^ 

minutfeSt and another body B paflfes over eight 

feet in four minutes, the velocity of A * will be to 

the velocity of B as — to ; that is as five ta 

2- 4 ' 

two J for by dividing the ten feet by the two mi- 
nutes, we find how many feet the body A rtlos 
over in i>ne mintae^ and likewife by dividing tfee 
eight feet by four minutes, wc find how manjr 
feet the body B runs over in the fame time ; vise. 
9ne minute ; fo that by the operation of dividing the 
fpaces by the times refpeftively, we da nothing 
more tlian find out the fpiaccs that arc percurred 
by the two bodies in equal timeSy and then compaife 
them together. 

Before we proceed any farther, it is necefl[ary to 
obferve, that whenever it is faid that certain thiiig? 
are as certain other things, we only affert the ratic^ 
of the formci: to the lattery viz. that the former 
increafe or decreafe according as the latter do m* 
creafe or decreafe; but from fuch affertions no* 
thing real and determinate can be deduced, unlefs 
wc have recourfe to experiments, in order to af- 
certain: fome of thcSe particular things with which 
others are compared. Thus in the preceding pa- 
ragraph, it has been aflerted that the velocities are 
as^thc quotients of the fpaces divided by the times; 
yet this aflfertion will not enable us to determine 
the velocity; or the fpace run over, or the time, 
which is employed by a cert a'' n body in mo ion, 

unlefs 
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unlefs fome of thqfe particulars be prcvic5ufly; 
known* Hence if we learn from adtual experi- 
ment (viz. by mcafuping the fpace with a ruler 
and the time by a watch), or are otherwife in- 
formed, that a body has been moving thfough 
ten &et in two feconds ; then ^dividing the ten by 
two, the quotient five gives the velocity ; which 
taxeans that the body moves at the rate of, or 
percurs, five feet per fecond. If by the. abovc- 
mentbned proportional expreffion we wilh to find 
the fpace, we* >mufl previoufly know the velocity 
aod the time ; and if we wi(h to afcertain the time, 
3VQi muft previoufly know the velocity and the 
.{pace. Therefore, in general, the ufe of fuch pro- 
portional expreffions is to render certain particulars 
dcduciblcj by computation, from other particulars 
which belong to the fame expreffion, and which 
Jiave been previpufly afceftained by means of 
adual experiments. W^e fliall nov^ proceed to 
explain the other particulars which relate, to the 
above:mentioned fimple or equable motion. 

liht fpace is as the velocity multiplied by the time i 
(that is, S is as y T) for if a body move with the 
velocity of three feet per minute, it is evident 
that it muft pafs over twice three, or fix, feet, in two 
minutes; three times three, or nine, feet, in three 
minutes ; four times three, or twelve itti^ in four 
piinutes ; and, in (hort, the fpace i^ as the produft 
of the velocity, or rate pf going, multiplied by - 
the time. 

The 
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The iirhe is a^ thfe fpace divided' by the velocity; 

^viz. T is as y) for if a body^ for inftance, runs 

oVer 1% feet when its velocity is three feet per mi- 
lUit^, it is evident that ia order to find the number 
of minutes^ that the body has employed in paffing 
ofrer 1 2 feet of fpace, we muft fay, by the common 
rule of three, if the body pajQTes over three feet in 
one minute, how many^ minutes will it employ in 
t>afSng over 1 2 fe^t ; which proportion is jRiated 
thus; 3 : 1 : : 12 :, and a3 the fdcond term is unity. 
We need oijly divide the 12 by 3; (viz. the 
fpace by the velocity) and the quotient 4 is the 
time fought. . 

Thfe momentum^ and the quantity of matter ^ are the 
two )afl particulars which remain to be examined 
with refpeA to this fort of motion. It has already 
been mentioned^ that the momentum is the force of 
the body in motion, and is equivalent to the im- 
predion it would make on another body that (hould 
be placed at reft dircftly before it. 
* According to the- fourth axiom, every efTeft muft 
be prod need "by an adequate caufe; therefore if a 
body be caufed to move, with a certain velocity by 
means of a certain impulfe, the double of that 
impulfe will be required to make it pove with the 
double of that velocity ; three times that impulfe 
to let it move witli three times the original velo- 

VOL. r. ■ E ' city; 
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city ; ^nd, in fliort, the moving force or impuKe 
mufl. be proportionate to the velocity. And for 
the fame reafon, the refiftance,. which mufl be op- 

• pofed to the faid body in order to ftop it, muft- 
likewife' be proportionate to the velocity of the 
body. 

Now let two diftinft bodies, A and B, move 
Vvith equal Velocities; but let the quantity of 
matter in B be the double* of the quantity of 
matter in A $ and it is evident that the momentum 
of B mufl: be double the momentum of A; for 
if we imagine B to'be divided into two equal parts, 
each of thofe parts mufl: have a momentum equal 

'to the momentum of A ; (A being equal to the 
half of B) and of courfc both halves together mufl: 
have a momentum double of the momentum 

of A; , :'''■■ 

If the bt)dy B be fuppofed to move as faft 
again as A, or with the double of itsjbrmer ve- 
locity> it follows, from what h^s been mentioned 
above, that its momentuni mufl: be double of its 
former^ momentum ; but before its momentum 
Was double the moriientum of hi therefore novir 
its ftidmentum mufl: be quadruple the momentum 
of A; that is^ it mufl: be multiplied by two on 
account of its double quantity of matter, and again 
^y two on account of its double vdiocity i which 
is as much as. to fay that tlie momentum is as the 
jM"bdu(5l of the quantity of matter multiplied by 

th«" 
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Jhe velocity j (viz. M is as Q V.) — Or We may 
consider it as a definition, and lay that by the mb- 
nenium we mean the produft of the quantity of 
matter by the velocity *. ■ 

If the tiiiantity of matt^t in B, tiiflcad of being 
double, be fuppofed to' be treble, or quadruple, or 
the halfj Or other multiple, of the quantity of 
matter in A; the fadie mode of reafoning will 
fliew that its momentum muft be treble^ or qua- 
druple, Or the half, or any other multiple refpec- 
tively of the momentum of A, when the velo- 
cities of A and B are equal ; but that thofe mo- 
mentums muft be multiplied by the velocities 
wheti the vfelocities of the bodies A and B are 
uneqiml j which proves that the propofitlon is 
univerfally tru& 



• The meafure of the Inomentums of bodies, under the 
tills of vis Inatrixj or vli viva^ when moving With diffSt- 
ent velocities, produced iamb years ago a long and' loud 
difpute amongft the Ibarned in Europe. The intricacy of 
the arguments would render a flatcment of the aueftion 
too tong for this work, and it would befides br attended 
with little or no profit to the beginner i I SfizW therefore 
refer fuch of my" readers as art defirous of bding informed 
relatively to this queRionj to two excellent trai51sj the 
firft of which is entitled Jn EJfay en ^anlitji, fay the Re- 
vAend Mr, Heid, in the 4Sth vol. of the Phil. Tranf. the 
fccond is jfn Inauity into tht Mtafure of the Farct of BedUi 
in Moiion, by Dr. Irwin, Phil. Tranf. for 1745. 
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• \ .. 

Laftly, the quantity of matter is as the momen* 
turn divided by the velocity; (viz. Q is as -^)} 

TOr let V in the preceding propdrtional expreffion 
( M as V Q ) be reprefcnted by the number 
% ; then that proportional expreffion will be- 
come M as 2 Q; n^eaning that the momentum 
is as twice the quantity of m^ter; but if the mo:- 
mentum is as twice the quantity of matter, there-' 
fore^ taking the halves of thofe quantities, (for^thc 
halves, or the quarters, or any other like parts,^ 
or. multiples of two quantities, have the fapie 
proportion to each other as the quantities them*- 
felves. Euclid, Elem. B. v. prop. 15.) half the 
momentum will be^ a^ the quantity of' matter, 

which is expreffcd thus \ Q.is as — . Again, if the 

velocity be reprefented by any other number, as 
by 1 2, the proportion M as V Q, will become 
M as 12 Q, and, taking the 12th part of thofe 
two quantities,, we fay, that fince the m'omentunt 
is as 12 times the quantity of matter, therefor^ 
tlie lath part of the momcmtum is as the quan- 
tity of matter, which is exprefled thusj Q as 

— ; but the velocity is reprefented by the number 

la in the laft fuppofitionj by the number 2 in 
the preceding fuppofition^ and may be reprefented 
by any other number ^ therefore, univerially, the 
quantity of matter is as the quotient of the mo* 
tnentum divided bjr the velocity^ 

• Ifhail 
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. I (hall now colled all the propoStions, or laws, 
which belopg to fimple motion, uuder one point 
ofvieW, and, for the (kkc of perfpicuity, 1. (hall 
exprefs them both in the cbncife way, by ufing the 

initial letters, and in -words. 

' S . . S 

V is as «:;'; S is a3 V T^ T is as -- i IVf is a^ 

T y 

M 
V Q J and Q is as — . 

The fame exprefled in words,—- In^w^/f moiiou^ 
. viz. ivhen a body if pit in motion by a Jingle impulfe, 
vohich a£i) at firji^ and then ledve$ the body to proceed 
by itj^lf in a non-rejifiing medium'^ or when fever al 
hdies ar^ this feparately put in motion } th velocities 
fre as thp /paces divided by the times ; thefpacfs arje 
fis the v^logities multiplied hy the timf^-y the times arit 
/?j the /paces divided by the velocities ; the momentum 
are as the velocities multiplied by the quantities of 
mtter i and^ hjllyy fhe quantities of matter are as thf 
fnqmentums divided by the velocities. 

Thus, copfidering thp importance of thg fubj^fl*, 
J have endeavoured to demonftratp the particulars 
relative to iimple motion,^ ip as familiar a m.anner| 
and as little encujnbered with mathematical ex-* 
.|)refliofis, as the fubjedl feempd tp admiti> pur- 
pofely to adapt them \o the capacity of bigginners, 
And J muft earneftly enti:eat the reader tQ mak^ 
himfelf mafler of the contents of tlxis chapter \tfr 
fprc he proceeds to the ncxt^ 
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C H A t» T E R V. 

|)F THE MOTION ARISING FROM C£NTR1PETA^ 
AND CENTRIFUGAL, FORCES; AN9 OF THE 
CENTRE OF GRAVITY. 

I 

I. 

jf Centripetal force is that power wliich cpm- 
•r "T pels bodies to move, or to tend towards a 
point, which is called the centre of attraElion. A 
centrifugal for ce^ on the contrary, is that power 
which compels bodies to recede from a point, 
V^hich is called the centre of repulfipn. Gravitation, 
or that power, by which bodies^are forced to fall 
towards thie centre of the earth, is a centripetal 

^ force, and will ferve us as an example for the iI-» 

... ' • ^ * i ,. .. ' 

luftration of the general theory. 
• But though l^odies direft their courfe toward^ 
the centre of the earth, yet the attraftive !power. 
muft not be confidered as a peculiar property of 
that centre, or of any particular body near it, 
Attraftion is a property which belongs to matter ir\ 
general, and is proportionate to the quantity of it. 
The parts of the earth mutually gravitate towards, or 
att raft, each other i — a ftone attrafts another Hone, 
•pratiypther body ; the earth attrafts a ftone, as 
Mil as* the latter iattrafts the former, and all bodies, 

, ■ I V • .' • ' • * •_ '. ^ • ; . ' T ■ 

in fliort, mutuallv attraft each other : nor are we 

• , • ' ■ . * ' '' •'•.'■' 

licquaint;ed with any pyticle of matter which may 
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be faid^to be deftitute of attraction towards the 
whole aflemblage of terreftrial bodies. That, cateris 
pmhis, the attra<5t/ve force is proportionate to the 
quantity of mattery may be eafily proved ; for let 
A, B, and C be three bodies equal in every refpedl ; 
and if A attract C with a certain force, (for in- 
ftance, a force equal to one ounce) it is evident 
that B, its equal, mud likewife attract C with the 
force of one ounce ^ and, of courfe, A and B to- . 
gather, or a body equal to thofe two, tnuft at-* 
tradl C with the force of two ounces. Again, if 
we take ten equal bodies, it is evident, that two 
of them will attrad another diftinft body with 
twice the force of one of them only, as alfo that 
four, or five, or fix of thofe equal bodies will at- 
traft the other body with four, or five, or (ix times 
jefpeiftively the force of one of them ohly> and fo 
forth i which w<Jently fheyvs the gpnerahty of the 
propofition. 

It is in GQnfcquence of this truth, that when a 
body A prevents another body B from falling tOr 
ward? the centre of the earth, the former is pr^fled 
by the latter, and that preflure is proportionate 
to the quantity of matter in B, Now, that 
preflure is calleid the weight of the body B, and 
the quantity of it is expreffed by comparing it with 
a certain arbitrary flandard weight, which may 
b« called an ounpe, a pound, a grain, &c. So 
^hat when a 'certa,in body A is faid to weigh thrc^^ 
pounds^ whilil anpthef body B weighs one pounds 
•• . " ? 4 ' ths 
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the meaning Is, that the quantity of matter iq A, 
and of courfe its attraction towards the carfti, is 

treble the quantity of matter in B, or the attrac- 

• ' . • ' - ' " 

tion of B towards the earth. 

Since attraftion is a general property of matter. 
It may l?e aiked, why djo we not perceive any at- 
traftioh between the bo4ies which ufually fur- 
round us, as for inftance between two flints, or 
tWo pieces of lead ? The anfwer is, that the at- 
tradlive force of tpatter in general is too fmall to 
become perceptible, excepting when the bodieSj 
or one of them, is very lai^e, as is the cafe between 
the earth and a flint, or other body; for if you 
fuppofe that a flint ftone A be equal to the 
1 ooooooooooooooth part of the whole earth, 
and likewife fuppofe that another fcipdy B is at- 
trafted by the earth with a force equivalent to one 
pound ; then it follows that the body B mull bq 
^traifled by the flint ftone A with a force equiva- 
knt to the lOQboooooooooootn part of a pound j 
which is too fmall to produce any fenfible effeft. 
Yet, . notwithftanding -this, the accuracy and im- 
provement s of the prefent age, have found means of 
rendering the attrad ion between bodies bf no great 
fize, fufficiently fenfible ; but the account of fuch 
experiments will be foun4 in another part of thiia 
work, 

Confidering that the attraftion is mutual be- 
tween bodies, as between a ftone andl the earthy it 
may be aiked, why does not the earth move to- 
• * ' wardi 
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^ards the ftqneat the^fame time that the Hone moves 

tojyards the earth ? Thjs anfwer is, that the earth, 

^reeably to the thppry, muft a^Slually moye tOr 

wards the ftone, but its motion is too ftfcall to be 

perceived by our^fenfes s for if we fuppqfp that the 

ssjarth 13 at If aft ipooooooppppoooopoooqcOQ^ 

times larger than the ftone, thp attr^ion of the^ 

learth for the ftone, muft be tp the attraftion of the 

flatter for the form^sr, as that immenfe number is 

|;o unity. Now fmce the effe<9:s are ^ways pro-v 

portionate to their papfes, it follows, that if in 1^ 

certain time the ftone moves through 1000 feet in 

its defcent towards the earth, the earth muft in the 

iame time rawDve towards the ftone through 

1000 ^ r r ^ 

• ' ' ' -r"'* .; parts of a fpots 

looooooooQoOodoooooooooo ^ ' 

or (which is the fame thing) through the 

looooooooooooooooboooth part of a foot; a 

quantity vaftly too fmall for our perception. 

Were the two l^odies not fo difproportionate, 

they would both be feen to move towards each 

other. Thus if two equal bodies, as A and B fig. 

3. Plate I. be placed at a certain diftance of each 

6tlier, and be then left at liberty, viz. free fronx 

^ny obftruftioh, they will .move towards each 

other, and will n^eet at a point C midway between 

their original fituatlons. 'But if the bodies be 

ynequal -, for inftance A in fig. 4. Plate I. be 

three tirties as big as B, then they will meet at a 

point C, which is as much nearer the original 

fituation of A, than that of B, as the body A is 

bigger 
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bigger than the body B ; viz. AC will be equal to 
one third part, of BC j for fincc the quantity of 
matter in A is equal to three times the quan- 
tity of matter in B, the attradion of the former 
niuft be three times as great as the attraftion of 
the latter, confequently the fpace run over by the 
body B muft be three times as great as the (pace, 
run over by the body A, in the fame time. 

It is evident thla.t the like reafpning may be 
applied to bodies fhat bear any proportion to 
each other ; hence we conclude that the dijiances 
ef the original Jituations of the bodies from 
the point C, where if hft at liberty they will meet in 
confequence of their mutual attra^ion, are inverfely as 
their' quantities of mattery viz. as the^ quantity of 
matter in A, is to thp quq,qtity of matter in B> fq 
\% the diltance BC, to the diftance AC. 

The point C is called the centre of gravity of 
thofe two bodies; being in faft the point, or 
centre, towards which they gravitate, and where 
tliey will aftually meet, if not ^ifturbed by any 
external force or impedirpent, 

^ \Vhat has been obfcrved with rerpe(5t^ to the tiyo 
bodies, may b^ eafily applied to the mutual atr 
traftion of three, or four, or, in fliort, of ar^y num- 
h^x of bodies; there being always 4 centre of 
gravity, which'is eqmmoa tq them all. Such -alio 
is the cafe with a fingle body ; viz. there is a point 
in any fingle body, which is its centre of gravity^ 
jov^ards which, if the body vycre divided intq difr 

ferenj 
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ferent parts, thofe parts would gravitate. The na- 
ture and properties of the centr^ of gravity will 
be farther noticed in the next chapter. 

Since the attraftive power is proportionate to the 
quantitj' of matter, it follows, that all forts of bodies^ 
however different they, may be in their zveightsij if 
tAey begin to move tdzvards the earth from the fame 
height y at the fame time ; they mufi be equally accele- 
rated ; th(U is J they mufl all defcend through the like 
Jpace in the fame portion of time ^ for though a body A 
be twice as heavy as another body B, if you imagitie 
that the former is divided into two equal parts, eack 
of thofe parts muft be equal to B, and of courie it 
muft move through ap equal fpace, as B, in the fame 
time. Now it is evident, that when the two parts 
of A ;are joined together, the efFeft muf^ be the 
fatpe. The like reafoning may be extended to 
bodies, whpfe quantities of matter bear any other 
proportion to each other. Hence all forts of 
t)odi^, wh^n Jeft at liberty, would fall from th? 
fame height tq. the ground precifely in the fame 
time, w^re they not unequally refifted by the air 
through which they move. I fay . unequally re- 
fifted, becaufe that refiftance is in proportion not 
to the quantity of matter, but to the furface, when 
the quaritities of matter ^re equal. This may be 
fatisfad^orily proyed \fy a variety of experiments^ 
Take, for inftance, a fmall quantity of cotton, 
fpread it as much as you can, then let it fall fron^ 
your hwd to the ground, and you will find that 
' ' the 
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the cotton-wiU employ three, four, or more, fecondi 
of time in that defcent. But if you take up that 
potton and comprefs it into a very fmall compais, 
you will find that on repeating the experiment, the 
fame quantity of cotton will defcend to' thcground 
in leis than a fccond. Thus alfo if you dro^ from 
the fame height at the (ame. time a guinea and 
a common gold leaf, the guinea will come to the 
ground incomparably quicker' than the gold leaft 
But if you comprefs the leaf fo as to form it into . 
a fmall lurjip, and repeat the experiment with this 
lump and the guinea* they will be found to touch 
the'groynd ne;irly at the fame moment *. 

The convcrfe. erf" the laft propofition is likewife 
evident } namely, th(it if hdies^ in falling from tk^ 
fame height towards the cenitlMf the earthy defcrih 
equal fpaces in the fame portion of time^ the 0ttr4i^ion 

. ' ■ , ■ » • ' ' " ' i ■ 1 ■ I fm 

* This propofition is confirmed in a manner Jefs cafy 
indeed^ but more evident and conclufive, by means of a 
tall-glafs receiver, having a mechanifm ac its upper end| 
from which a guinea and a feather, or oth^r light body^ 
may be dropped at tha fame time. When this glafs re* 
ceiver is fet flraight up, and is exhauSed of ^r, in th^ 
manner which will be defcribed hereafter, the abov^^mon^ 
tioned guinea and fcither, will, on being difengaged, ar- 
rive at the boCtonri of the receiver at the fame moment pre* 
cifely. But if the receiver be not wtW cxi^aufted of air^ 
ihen the feather will arrive at the bottom later' than th^ 
guinea^ and much more fo wbeit the receiver if quip: fa4 
trf air. ' 
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mfi be proportionate to their quantities tif matter i 
Otberwile the fpaces, &c. ivould not be equah ' 

Hitherto we have taken notice of the properties 
which naturally arife from the attraftion being 
proportionate to the quantity of matter^ It is now 
neceflary to examine the adtual motion of bodies 
t^rbich move towards a centre of attraftion. 

The great difference between the fimple irhpulfe, 
mentioned in the preceding chapter, and a centric 
petal, or centrifugal, force, is that the former 
produces equable motion j that is, fuch as com- 
pek bodies to defcribe equal fpaces in iqual por* 
tions of time ; ivhilft the latter produces unequable. 
Tftotion ; viz. it compels bodies to defcribe une- 
qual (paces in equal portions of time. 

This inequality arifes from the continual adiofi 
of the latter power ; for a centripetal, or centri- . 
ftigal, force^ does not a& at firft only; but it 
tioes continually aft ,upon, and impel, the bodies 
in motion ; that is, the centripetal, towards the 
centre of attraflion, and the centrifugal, from the 
centre of repulfion. 

The attraftion of the earth, or gravitating 
power, has been found, from a variety of fafts, 
which will be mentioned hereafter, to decreafe in 
proportion as the fquares of the diftances from the 
centre of the earth, increafe ; or, in other words, 
the force of gravity at different heights is inverfely 
ts the fquares of thcf diftances from the Centre of 
the earths At a height, for inftance, as far from 

the 
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the furface of the earth as the furface is frofn the 

centre, the force of gravity is a quarter of what 

it is at the furface; for the diftances being as one 

to two> their fquares are one and four ; therefore^ 

as one is to four, fo is the force of gravity at the 

above-mentioned height, to the force of gravity at 

the furface* 

This diminution of intenfity in the proportion 

of the fquares of the diftances from the centre of 

emanation, feems to take place not only with the 

force of gravity, but likdwife with all forts of 

emanations from a centre, fuch as light, founds 

&c* as. far however as we are able tojudgp fron^ 

the prefent ftate of knowledge; for with the d#- 

Creafe either of found or of light, this law has v^i 

been afcertained to any great degree of accuracy. 

. But, independently of adual experiments, ]l 

may be ftriftly demon ftrated, that emanations^ 

whkh proceed in Jlraight lines from a centre^ and df 

not meet with any objlru£liony mufi decreafe in intenfity 

inverfely as the fquares of the diftances from the 

centre. ( i ) , 

Bodies 



i^ » 



(i) Let A, fig. 5. Plate I. be the centre of emanatioh 
(for inftance the flame of a candle,) Let OPE tr be a 
fquai-e hole, and drawing ftraight lines from A t6 thfe 
corners of this fquare, produc!e them iifidefinitely towards 
I, H, E,r. 

* In the ftrft place it Is evident that the light which pafles 
through thf fquare hole OPHv, will fill all the fpace be** 

tween 
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Bodies that are left to fall frOm any height, will 
move fafter and faftcr the nearer they coitie to the. . 
fiiiface of the earth j for if the force of gravity 
* afted upon a body only at the commencement of 



tween the four ftraight lines AH, Aly Ar, and AE« .Se- 
condly, it is alfo evident that if a plane Airfiace be .placed a,t' 
• E, parallel to the fquare OPBv, all that part of it which, 
lies between the aforefaid ftraight lines ; viz. IHEr, will 
be illuminated by the light which pafles through OPBv ; 
but as the plane IHEr is larger than OPB^, the light upon 
it cannot be To dcnfe as at OPBv; and for the fame reaforr, 
if a plane be fituated at D, parallel to OPBv, the light 
upon it will be lefs denfe than at OPBt;, but more den^ 
than at' IHEr, &c. Thirdly, it is alfo evident that the 
planes IHEr, KGDj, LFC^r, are fquare figures, fmcc 
the hole OPBv has been fuppofed to be a fquare. There- 
fore, the only thing which remains to be proved, is, that If 
the diftance AC be equal to twice the diftance AB, the 
area of the fquare LFCjr is four times as large as the area 
OPB«/ ; that if AD be equal t9 three times A B, the area 
KGDx is nine times as large as OPBv ^ or, in fljort, that 
the areas OB, LC, KD, &c. are as the fquares of the 
diftances from A, which is eafily done ; for ABP, ACF, 
being equiangular triangles (Eucl. p. 29. B. I.) we have 
(Eucl.'p. 4. B. yi.) AB : AC : : PB : FC; but PB and 
FC are the homologous fides of the fimilar plane figures 
OPBv, LFCa"; and (Eucl. p. 20. B. VJ.) thofe figures 
are as the fquares, oi'in the duplicate proportion, of their 
homologous fides i therefore PPB'Z;: LFCa-: : PE|* ; Fc)* : : 

AB)»: As?*. And the like reafoning may be applied tq 
^c other fquares KGDr, &t. , ^ 

its 
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its.dcfccnt, the body would, (accord iqg to tic 
laws of fimple motion. Chap. IV.) continue to de^ 
fcribe equal fpaces \ti equal portions of time- But 
the very next moment the force of gravity inipek 
the body J^gain, in confequence of which the 
body's velocity muft'be doubled ; fince the fecond 
impulfe is equal to the firft, and the firft remains 
unaltered. For the famje re^fon on the third mo-, 
ment the body's velocity will be trebled, and fo on* 
Or, fpeaking more properly,^ the velocity will in- 
creafe as the time iticreafes, viz. the velocity wilt 
be as the^ime\ the meaning of which, is, that the 
velocity at the end of two feconds is to the velocity 
at the end of three feconds, as two to three ; or 
' the velocity at the end of one minute is to the 
velocity at the end of. one hour, asi one is to 
fixty, &c. *. . 

The {paces defcribed by fuch defcending bodies 
cannot bd proportionate fimply to, the times of 
de(cent ; for that would be the cafe if the velocity 
remained unaltered j- but, the velocity increafing 

>■■■» r .M M I ■ II 1 >■ I I. - < ■ It I I « . , . . .« 

* The velocities are as the times when the graviutkig 
power.' remains unaltered, or with the fame gravitating; 

power; "but if two diftin^l gravitating powers be com- 

» ' / 

pared together, then the velocities will be'as the produSs 
pf the times multiplied by the gravitating forces refpec-^ 
lively ; it being evident that a double force will produce a 
double eSed:, a treble force wiH produce a treble efFe(^t 
&c. Hence when the times are equals or in the fame time, 
the velocities are as the gravitating, or the impelliQgt 
fgrcH. 

continually. 
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tOntinuailjr, it is evident t/iat the fpaces Mtift 
be as the times multiplied by the velocities \ for a 
double velocity will force the body to move 
thit)\igh a double. fpace in an equal portion of 
time, and ^through a quadruple fpace in twice thit 
time ; alfo a quadruple velocity will force the 
body to move through a quadruple (pace in an 
equal portion of time, and through eight times 
that fpape in twice that time ; and fo on in any 
proportion. But it has been (hewn above that the 
velocities are as the times; therefore to fay that 
the fpaces are as the times multiplied by the velo- 
cities, is the fame thing as to fay that the fpaces 
are as the tirlies multiplied by the times, or as the 
iquares of the times ; and for the fame reafon it is 
the fame thing as to fay that the fpaces are as the 
velocities' multiplied by the* velocities, or as the 
fquares of the velocities *• 

This property of defcending bodies, (viz. that 
tbey run through fpaces which are as the fquares 
of the times) has been ufually demonftrated in a 
different way by the philofophical writers. Their 
dcmonftration may, perhaps, appear more fatisfac- 
tory than that of the preceding paragraphs to fome 
of my readers; I (hall therefore fubjoin it, e(pe-' 
cially as it proves at the fame time another law re- 
lative to the velocity of defcending bodies. 

* Therieforc in • cqtial times the fpaces are as the im- 
jFtlling, oi^ gravitatihg, forces'. See the laft note. 
VOL. J,, F Let 
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Let AB, fig. 6. Plate I. reprefent the time, dur- 
bg which a body is defecnding, and let BC re- 
prefent the vetocity acquired at the end of that 
time. Complete the triangle ABf), and. the 

^ parallelogram ABCD. Alfo fuppofe the time to be 
divided into innumerable particles, «, /«, mpy fo^ 
.&c. and draw ef^ iky mtty &c. alt parallel to . the 
bafe BC. Then, fince the velocity of the defccnd* 
ing body has beeii gnadually increafipg from the 
commencement of the motion, and BC. repreicnts 
the ultimate velocity j therefore the parallel line* 
ef^ ik^ mn:^ &c. will reprefent the velocities at the 
^nds . of the refpedive times A^, A/, Am, &€• 
Moreover, fincc the velocity during an indefinitely 
fmall particle of time, may be coniidered as uni-* 
form > therefore the right line ef will be as the ve- 
locity of the body in the indefinitely fmall particle 
of time ei ; ik will be as the velocity in the partiple 
of time /w, and fo forth. Now the fpace paffed 
over in any time with any velocity is as the ve- 
locity multiplied by the time; viz. as the rcftai^le 
under that time and velocity i hence the fpace 
paffed. over in the time ei with the velocity ^» 
wilj be as the reftangle ifj the fpace paffed over in 
the time im with the velocity ik^ will be as the 
rc(3:ahgle mk ; the fpace paffed over in ' >thfi time 

" mp with the velocity mtiy will be as the re&aoglc 
pity and fo on. Therefore the " fpace paffed over 
in the futh of all thpfe times, will be as the fum 
of all thofe re(3:anglies. But fince the pai:ticks olj 

time 
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time are infinitely, fmall, the fum of all the rec- 
tangles will be equal to the triangle ABC. No^ 
fince the fpace paffed over by a' nloving body in 
the time AB with a uniform velocity BC, is as the 
reftan^e ABCD, (viz. as the time multiplied by 
the velocity) and this reftangle is equal to.twi«e 
the triangle ABC (Eucl. p. 31. B, I.) therefore the 
fpfce pafled over in a given time by a body 
falling frpm reft, is equal to l^alf the fpace paffed 
over in the fame time with an uniform velocity, 
equal to that which is acquired by the defcending 
body at the eiid of its fall. 

Since the fpace run over by a falling body in 
the time reprefented by AB, fig. 7. Plate I. with 
the velocity BC is as the triangular ABC, and the 
fpace run over in any other time AD, and velocity 
DE, is reprefented by the triangle ADE; thofe 
fpaces muft be as the fquares of the times AB, 
AD; for the fimijar triangles ABC, and ADE, are 
astbef fquares of their homologous fides, viz. ABC 
k to ADE as the fquare of AB is to the fquare of 
AD, (Eucl. p: 29. B. VI.) 

In fig. the 8th. Plate I. the fpaces, wBich are 
defcribed by defcending bodies in fiicceflive equal 
portions of time, are reprefented, for the purpofe of 
impreffing with greater efficacy on the mind of the 
reader, the principal law of gravitation. The line 
AB reprefents the path of a body, which is let fall 
from A, and defcends towards the ground at ^ 
The divifions on the line AB denote the places of 

F 2 the 
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the bcxly at the end of one fecond, two fecomk, 
&c, which equal portions of time are marked on the 
left hand fide j whilft the numbers on the right e»- 
prefs the feet percuned, or real diftances from A to 
the firft divilion, from A to the fecond divifion, 
and fo on* It appears, therefore, that in one fecond 
the body has defcended through 16^087 feet, that 
in two feconds it has defcended through four times 
16,087, x>r 64*348 feet, &c. 

It may alfo be obferved, that the fpaces run 
through during each fingle fecond, are as the odd 
numbers i, 3, 5, 7, &c.; that is, if the fpace per- 
curred in the firft fecond be called one, the fpace 
percurred during the fecond fecond only will be 
three times as great, the fpace percurred in the 
third fecond will be five times as great, and fo on. 
In faft, if we fubtraA 16^087 ^^^"^ 64,348, the 
remainder, 48,261, is equal to three times 16,087 » 
ifwefubtraft 64,348 from 144,783, the remainder,^ 
80,43 5^ is equal to five times 16,087, &c. 

It has been fhewn above that the force of gravity 
at equal diftances from the centre of the earth is pro- 
portionate to the quantity of matter ; but it muli 
te obfcrVcd^ that when the diftances are unequal, 
then the gravitating forces, or weights, of bodies, 
are as the quotients of the quantities of matter di-^ 
vided by the fquares of the diftances refpeftively, 
or, which is the lame thing, the weights of bodies 
Oje (aid to be as the refpedive quantities of matter 
direftly, and the fquares of the refpeftive diftance* 

inverfely; 



I 
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iaverfely ; fince tlie gravitating force has been (hewn 
tddecreafe'inverfely as the fquares of the diftances 
fronfi the centre of attraftion. Thus if a body A, 
which is five times as big as another body B, is 
fituated at the diftance of 4000 miles from the 
centre of the earth, whilft B is fituated at' 6060 
miles diftance, then the weight of A will be to 
the weight of B as 'the quotient of five divided by 
the (quare of 4000, is to the quotient of one dii^ 

vided by the fquare of 6qoo ; viz. as -5—^ — r- is to 
. ^ * ' ' ;6oooopQ 

36000000 

In 



* SuppoTe it be required to find how much a leaden ball, 
jwhich on the furface of the earth weighs twenty pounds, 
^U weigh at the top of a mountain which is three miles 

high. 

The femidiameter of the leartb is known to be about 3985 
miles, to which we add the height of die mountain, viz* 
three miles, and we have the two diftances ^ that is from 
tiie centre of the earth to the furface, 3985 miles, and from 
that centre to the top of the mountain 3988 miles. The 
fquares of thofe numbers are 15880225 and 15904144. 
Tjhen fay as 15904144 is to 15880225,; fo is twenty 
pounds to a fourth proportional, which by the commoh 
rule of three (viz. by multiplying 15880225 by 20, and 
dividing tbcf product by 15904144) will be found to be 
19,969; or 19 pounds and 15^ ounces, which is the 
weight of the leaden ball at this top, of the mountain, viz* 
ne^iFly h^f ^n ounce lefs than on the furface of the earth. 

It i|>uft npl, however, he imagined that the leaden ball, 
Vhich is bal^ced by a counterpoife of twenty pounds in 

ri a?ail 
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, In the preceding explanations and examples^ 
the fpaces and velocities of defcending bodies have 
been calculated on the fuppofition that the force ads 
uniformly ; viz. that during the defcent of the body 
from A, fig. 8. Plate I. towards the ground, the attrac- 
tion of the earth does not increafe; which fuppofi- 
tion, ftriaiy fpeaking, is not trues for it has already 
beenihcwn, that the force of gravity decreafes in- 
verfely as the fquares of the diftances from the centre 
of the earth ;,.fo that the nearer the body comes to 
the ground, the ftronger its gravitation will be. 
However, in fliort diftances from the furface of the 
earth, that increafe of gravity is fo very trifling, that 
for common purpofes it may be fafely neglefted.. 
But as the fame theory is applicable to all forts of 
gravitating powers, and as very great diftances may 
(bnietimes enter the calculation, it will be proper to 
fubjoin the method of calculating the velocities 
which are acquired by bodies defcending towards a 

centre 



a pair of fcales on the rui;face of the eardi^ will a{^ar 
lighter at thr top of the thountain ; for this will not be the 
cafe, becaufe the counterpoife itfelf will lofe an equal 
portion of its weight by being fituated on the top of tlie 
mountain ; and of courfe the equilibrium of the Icales will 
not be difturbed. But if the leaden ball in queflion be 
weighed in one of thofe weighing inffa-uments Which are 
made with a fpiral fteel fpring, then indeed the decreafe of 
its weight at the top of the mountain will be clearly per^ 
cei^yed) pCQYldiM tlie weighing infirumentbe fuffi!ciently 



accurate^ 
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centre of attraftion, when the increafc cf the attrac> 
tive poller is taken into the account (z). 

It is evident that; fihce ' tlie continual aftion qf 
the force of gravity accelerates the motion of a 
defcending body, it muft continually retard the 

motion 



(^) This problem Is taken from Dr. Saunderfon's 
Method of Fluxions. 

PROBLEM. 

Let S. fig. 9. Plate I. be the centre of the earth, B any 
point in its furface, and let the force of gravity m all 
ptaces be reciprocally as the fquares of their diftances from 
the centre of the earth : it is required to determine the velo^ 
Hty of a heavy body at the fur face of the earthy which it ac» 
quires in falling from any given altitude AB. 

Let X be any indeterminate diftance from the centre of 
the earth, and let v be the velocity of the falling body at 

dut diftance. Let — =rr reprefent the force of gravity at 
B,and£DnfequentIy—. its force at die diftance a*. Firft 

XX 

then it is plain, dial after the idling body is arrived at the 
diftance ^r, and then defceods further.through any infinitely 
fnoU fpace as i^, the time «f that infinitely fmall defcent 

win be as «- ; that is, it will be a$ ijke i^ce dice<£Hy, ao4 

as the velocity inverfely; and the infinitely fmall acqiii>- 
fition made by the velocity in that defcent ni^ill be as the 

tine . and the accelerating force JL joindy ; diat is, m 

V XX 

X X 

will be as — : therefore vv will be a3 — ; therefore jthc 

VXX XX 

^ents of thefe fluxions^ which are generated in equal 

F 4 timti. 
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motion of an afcending body. A ball» for inftance> 
which is projcfted upwards, will be gradually re- 
tarded by the gravitating force, which ads in a 
contrary direction. 

The foregoing explanations' relatively to the laws 
of gravity, or of a centripetal force, may be eafily 
applied to the explanation of the properties of a 
repulfive, or centrifugal, force \ for in fad the fame 

reafoning 
^1 • ■ I - I ■■ ■ ■ ■ ■ . I. ■ I I. ■ - 1 ■ . .1 ■ ■ — 

times, will be proportionable ; that is, \vv will be as 
' I I SA— SB AB . c t 

SB~SA' ^' "' SB^^SA' ^^ "' SB-x-SS^ *"''^^''' '^"'^ 
the quantities 2 and SB arc conftant, w-will be as 
AB. 

AS 

This, being difcovered, let DB be the height from* 

which a body will fall to the furfacc of the earth in one 
hconi of time; and fmce during fo fm^ll a defcent, the 
force of gravity may be looked upon as uniform, it is evi- 
dent that a body falling from D to B will acquire a velocity 
which will carry it uniformly through the fpacc 2BD in • 
a fecond of time. Let 2BD rcprefent this velocity ; then 
muft levcry other velocity be rcprcfented by the fpace 
through which it will carry a body in a fecond of time. 
Now to find the velocity acquired in falling from A to B» 

I fay as S^ is to ^, fo is 4DB* (the fquare of the velo- 

^^ ABi 

' city acquired in filling from D to B) to 4DB xDS X ^j;- 

tthe fquare of th^ velocity acquired 10 falling from A to B) 

AR 
= kmm X — ?, fuppofing iw to be a mean proportional between 

P3 am4 DS. Therefore a body falling from A to B acquires a , 

velocity 
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reafoning will'So for the. one as for the pther^ 
changmg only tljc word attraSioH for repulfion^ and 
the word acceleration for retardation. Thus the 
velocity of a body which is receding ftom a centre 
of repulfion, is retarded in proportion as the time 
increaf^s ; or the velocities are faidto be invcrfely 
as the times. Alfo the fpaces decreafe, or are, in- 
verfely, as the fquares of the times. 

If a body be thrown perpendicularly upvi^ards, 
that is, in adireftion from the centre of the earth, 
with the velocity which it acquired by falling in a 
giv^n time^ it will arrive at the fame height from 

velocity that would carry it through the fpace 2 ;w x 

.-, I in a fecond of time. 

A6)f 

Scholium. DB and DS having been afcertained ty 
means of experiments, 2 w is thereby found to be about 

feven Engliih miles« ' . 

. AB , 

Corollary i. If AB be infinite, the quantity — be- 
comes equal to on^, hence i^ goes out of the queftidn; 
and therefore a body falling from an infinite height, will 
acquire at the furfaee of tte earth but a finite velocity ; 
V43&. fuch a velocity as will carry it uniformly through 
fevea miles in one feconu of time. 

. CoroU. 2. Therefore, / converfo^ if a body be thrown 
upwards with fuch a. velocity, it will never return, but it 
will afccnd for ever. 

Coroll. 3. After the fame manner we may determine 
the velocity of a falling body, vrhatever be the law of- 
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which it fell» in the fame time ; and will lofe all 
its momentum/ And when bodies are thrown per-* 
pendicularly upward^^.the heights of their afcents 
are as the fquares of their velocities^ or as the fquarei 
of the times of their afcending. 

N. B. Throughout this_ chapter no notice has 

been taken of the refiftance, which the air ofEsrs to 

« 

the motion of bodies. -' 
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\ 

THE METHOD OF ASCERTAINING THE SITUA- 

A 

TION OF THE CENTRE OF GRAVITY, AKO 
AN ENUMERATION QF ITS PRINCIPAL PRO- 
PERTIES^ ... 

THE definition and the nature of the centre of 
gravity having been (hewn in the preceding 
pages, we fhall in the prefect chapter (hew the 
method of finding.its fituation in afyftemof bodies, 
as well as in a fingle body or figure j after which 
we (hall ftate its various properties, the knowledge 
of which is of the utmoft importance in the fVudy 
of natural philofopliy, and efpecially in mechanics. 

When the common centre of gravity of two 

bodies is to be deterojined, their quantities of mat- 

tey and diflancc from each other b^ing known i 

'5 draw 
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draw a ftraight line from the centre of gravity of. 
one of the bodies, as A, fig. 10. Plate !• to the 
centre of gravity of the other, B. (which centres we 
Ihall, for the prefent, -fuppofe to be known ^ for it 
v/iU prefently be fhewn how to find the centre of 
grayity of a fingle body.) Then divide this fine 
in E, fo that its parts BE, AE may be to each other 
in the proportion of A to B, and E is the centre 
fought. For example, let A weigh 3 pounds, 
B 2 pounds, and let the diftance AB be 2(^ 
feet. Say as 3 is to 2, fo is BE to AE -, then by 
compofition (EucL p. 18. B. V.) fay as 3 plus ?, 
viz. 5, is to 2 fo is^ BE p/us AE, viz. 20 feet, to a 
fourth proportional, which, by the common rule of 
three, is found to be 8, and is equal to AE ; fo that 
the centre of gravity, E is 8 feet diftant from A, 

When the centre of gravity of three bodies, as 
A, B, and D, fig. 11. Plate I. is to be determined, 
their quantities of matter arid diftances being 
known; you muft in the firft place find the centre 
of gravity E between any twa of thofe bodies, as 
of A and B, after the manner mentioned above. 
Then imagine that the two bodies A and B are 
both coUeded in the point E, and laftly find the 
centre of gravity between E and D, which will be 
the common centre of gravity of the three bodies ; 
viz, draw the ftraight line DE, then as the fum of 
the matter in A and B, is to the matter in D, fo is 
DC to CEj and, by compofition, fay as the fum of 
the matter in A, B and D, is to D, fo is DE to CE; 

which 
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t^Jiicli giMcs C, the common centre of gravity of the 
three bodies. 

In the (ame, manner the centre of gravity of four, 
or more, bodies may be determined ^ viz. by con- 
ceiving the matter of three of thofe bodicis t6 be 
collefted in the common centre of gravity of thofe 
three bodies, and then finding the common centre 
of gravity of the laft mentioned centre and the 
fourth body, &c. 

The centre of gravity of a fingle body may be 
eafily determined by the following general method, 
viz. by fuppofing the body to be divided into iwo 
or more parts, and then finding the common centre 
of gravity of thofe parts, which will be the centre 
of gravity of the body itfelf But in certain regular 
figures, fuch as a circular furface, a fphere, a cube, 
&c. it is evident that the centre of the figure itiiift 
coincide v/ith the centre of gravity; for if in the 
circle, for inftance, fig. 12. Plate I. you divide the^ 
area into twb equal parts ADB and AEB, it ;is 
evident that the cotnmon centre of gravity of thde 
two equal parts muft be fomewhere in the line AB i 
and ifj by cutting the circle in any other direction 
ED, you divide the affea into two other equal parts 
EAD, and DBE, it is evident that the common 
centre of gravity of thofe two parts muft be fome* 
where in the diameter ED ; therefore the centre of 
gravify of the circle muft be in the interfeftion.of 
the two diameters AB, ED ; viz. at C, which is the 
centre of the circle. 

In 
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la ^ right lined plane triangle, as ABD, fig. ij(. 
Plate \. thq centre of gravity inay be eafily found 
by dividing any two of its fides, as AD and BD, 
each into two equal parts at F and E, and by 
drawing ftraight lines from thofe points of divifion 
to the opppfite angles ; the interfeftion C of thofe 
two line^ being the centre ofgravity of the triangljs ; 
for fince the line AE divides the triangle into two 
equal parts, (Eucl. p. i. B. V|.) the common 
centre ofgravity of thofe two parts muft be fome- 
where in the line AE, and for the fame reafon the 
common centre of gravity of the two parts ABF, 
and F6D muft be fomewherein the line BF; there- 
fore the centre ofgravity of the whole triangle muft 
be at Q the interfeftion of the two lines AE, BF. 

If the figure be terminated by more than .three 
ftraight lines, as ABCDE, fig, 14. Plate I. its centre 
of gravity may be found by dividmg it into any 
convenient number of triangles, as ABC, BCF, 
DFEi tl^en by finding the centre of gravity of 
each triangle, and kftly by finding the common 
centre of gravity of all the triangles, which is to 
be done in the; fame manner as the centre of gra- 
vity between three, or more bodies was determined 
above. In a fimilar manner the centre 6f gravity 
of irregular folids may frequently be found. 

There arc however feveral figures in which the^ 
centre of gravity cannot be eafily found by the 
above defcribed methods, at leaft npt with great 
accuracy. But a more general, and accurate 

methQd' 
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method of finding the centre of gravity, is ticrwcd 
from the dodVrine of fluxions, which will be found 
explained in the note ( i ). ' 

The 
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( I ) Imagine that at D, E, F, G, H, fig. 1 5. of Plate I. 
there vare fa many weights afBxed to the inflexible line 
AB ; and J^t C he the centre of gravity .of the faid line 
and weights together ; fo that when the point C refts iipoii 
a fulcrum, neither end will preponderate, and of courie the 
whole loaded line will remain perfe<flly balanced. 

It has been fhewn in the' preceding pages that the liio- 
nientum or force of any weight, as H,v(viz. the body Juf- 
pcnded at H) to raife the oppofite end A of thelme, or 
lever, is exprefled by the produi^ of its quantity of matter 
multiplied by its diftance from the -fulcrum, or centre of 
gravity C5 viz. by HxHC (for by the letters J>, E, F, 
&c. we exprefs the weights of the relpedive bodies). 
Therefore, firce the line with all the weights is perfedjy 
balanced, it follows that the fum of the momenta of all the 
weights which lie on oiie fide of ,C, muft be equal to the 
film of all the momenta, which lie on the other fide of C } 
viz. HxHC+GxGC+FxFC = bxDC+ExEC; 
rimt is HxtiC— iltl + G X bC— BU+F XBC— BF= 
ExEB— BC+DxDB— BCjorHxBC — HxBH+ 

GxBC-rGxBG+FxBC— FxBFszExEB— Ex 
BC +D X DB-^D X BC. Then by tranfpofition 

we have HxBC + GxBC+F xBC + ExBC + D>c 
BC := H X BH + G X BG + F X BF + E X EB + D X 
DB ; which equation by divifion becomes BC = 
HxBH+GxBG + FxBF+ExEB + Dx DB 

ifaews that the diftance of the centre of gravity, C, from 

u.e 
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- The pripcipal properties of the centre of gravity 
are as fpUows : 

I. If two todies be comteSled together by means of 

an 



the extremity B>'is equal to the quotient of thefum of the 

produds of all the weights multipUed each by its diftance 

from B, divided by the fum of all the weights. ' 

Hence we derive the following general rule for finding 

the centre of gravity in a fyftem of bodies ; viz. AJfunu a 

point at one 'extremity ofthtfjfiim'y multiply the weight of 

each body by its diftance from that point ; divide the fum of 

tbepradu&s by thefum of the weights^ and the quotient will 

ixprefs tbeeUftiance of the centre of gravity from the ajfumed 
point. 

Take notice that if the above-mentioned (KMnt be aiTumed 
not at the extremity of the fyftem, but any where between 
the bodies, as between D and H^ fig. 15. plate I \ then the 
produ^ by their refpediive diftances, of ,the bodies on one 
iide of the.aifumed point, muft be confidered as negattre^ 
wbilft the Qtber are confidered as pofitive : and they mud 
be all added together agreeably to the common algebraical 
i:ule for adding pofitive and negative quantities together. 
The refult then^ according as it turns out pofitive or nega^ 
tive, will fhew the diftance of the centre of gravity froili 
the afTumed point, either on the pofitive or on the negative 
fide of that point. 

The rufe may be applied to the cafes of fingle bodies, as 
for inftance, foj^ finding the centre of gravity of a triangle, 
of a cone, of a fpherc, &c. by imagining the faid figute to 
be refolved into an infinite number of parts ; for by the 
method effluxions, the fum of the momenta, as alfo of the 
weights of all thofe parts, may be eafily afcer^ained. 

Thus 
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an inflexible line or rod^ as A and Bj Jig. 2 1. Plate L 
and the line or rod be fupported by a prppy or (as it i» 

commonly 



Thus let the figure be a plane, as A D C, fig. i6* 
Platie I« whofe axis is A B, and whofe parts are fuppofed 
CD be endued with gravity. Imagine this figure to 6e re- 
fiJvcd (nto an infinite number of weights F G, /f, &c« 
aH perpendicular, or all alike inclined, to the axis .A B, 
and let ^ reprefent the diftance A £ of the little weight 
F G from A.' Then the breadth of one of thofe weights 
IS denoted by x (the fluxion of the axis A E) ; therefore 
oneof thoTe infinitely fmall weights is exprefTe^ by FG Xx ; 
the fluent of wh^cb, when » becomes equal to the wholef' 
axis A B^ is the fum of !all the weights* Farther, if one 
of thofe weights be multiplied by its diflance from A, the 
produ£l, FG XxXa*, will exprefs its momentum ; and the 
fluent of this expreffion, when x becomes equal to the 
whole axis A B, is the fum of all the momenta. There- 
foi'e, agreeably to the general rule, if the fluent of FG xxx" 
be divided by the fluent of FGx;ir, the quotient will ex- 
prqfs the diflance of the centre of gravity from A on the 
axis AB. 

If the figure be. a folid, imagine it to be divided into an 
infinite nilmber of feftions, or fmall weights, all perpe'n-* 
dicular, or all alike inclined, to the axis ; put the expreffion 
which denotes one of thofe feftions, inflead of F G in the 
above fluxional expreffion s ; then proceed as above di- 
rected. Or, which is the fante thing, call one of thofe 
fedlions S j then divide the fluent of 5 x x^ by the fluent 
of S jf, and the quotient will exprefs the difhnce of the , 
joentre of gravity. 

The only practical difficulty confifls in finding the value 
of F G i or of the ?bove mentioned fedion S in a folid figure, 

which 
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fcbmmbnly called) a fulcrum^ placed under the centre 
hf gravity C; the bodies will remain mottonlefs. 

In 



-■k 



which value muflr, by means of the equation of the figure, 
be expreffed in terms wherein x is the only variable letter. 
But the following examples will point out the mode ot 

pi'oceedingf 
Example I. To find the cenire hf gravity ofajlraight 

//«/, or very /lender cyMder^ AB^fig. 17. flaie L whofe parts 
kay befuppofed to be endued with gravity. 

Let its length AB be called e^ and fuppofing the line to 
bd divided into an infinite number of little parts or weights. 
One of thofp parts is denoted fimply by * ; (for the breadth 
FG is nothing) ahd the fluent of k is x. Alfo the mo- 
mentum of one of thofc particles is exprefled byjir;^, whofe 
fluent is \x^. Therefore, dividing the latter fluent by the 

former, we have ^ — , which when .v=:/, becomes -^ or — * 

X e 1 

and ihews that the centre of gravity is at C in the middle of 
the line \ viz. it$ difl:ance frbm either extremity is equal 
to half thii length of the line.. 

Example I L To find the centre of gravity in a triangle 
ABC, fig. 18. PL I. where the axis ADzza, hafe BC^b^ 
£F is parallel to the hafe^ and zzy 5 and let AO be called x. 

From the fimilarity of the triangles we have AD : BC :: 

bx * 

AO:EF; viz.^ :^ : :x: — zzy. Therefore the infinitely fmall 

hxx bx* • 

weight EF is denoted by yx. or by — , whofe fluent is - — • 

. a la • 

which (when t is e^ual the whole axis AD) becomes 
• — -or—. Alfo the momentum of the little weight — ^ 

Vol. I. 6 
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la this fituation no one of the bodies will have 
more tendency towards the earth than the other j 

for 



fmmr^f 



is denoted by ; the fluent of which is — , or (when at 

[a 3^ 

is equal AD) — i-. Then — divided by--> quotes — * 

vrbicbistbe diftaoce of the centre of gravity from the* 
vertex A j viz. \ of the axis AD. 

It needs hardly ^ mentioned that the centre of gravity 
inuft necefiarily be in the axis. 

Example III. To find the centre cf gravity in aparaMic 
figure JBCj fig. ig. Plate I. . ' 

Put th^ axis AD =11} abfcifs AF=jr; and ordinate 
EFrxjf. By conies we know that the fquare of the ordi- 
^4te £F is equal to the produift of the parameter multiplied 

by theabfcifs, viz. /=^x» hence jr=:^*xS and EG=ay=: 

2>*;r*; which being multiplied by jr, viz.3-^*;r^ir,repre- 
/entsrone of the infinitely imall weights, into which the 
parabola is fuppofed to be refolved ; and its fluent 

. ^jr x'^^or ^p^x^ reprefents the fum of all the weights* 



1. 
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Farther 2^**" ^ xx', or 2p^ x^ x is the momentum of the 
little weight j whofe fluent, which reprefents the funa of 

2 5 15 • 

all the momenta, is up *Ar ^, or ^p'^x^. Then dividing the 



I 3 



latter fluent by the former, we have | /> ^Jf "'^. -f- ^^*>f^=|jr, 
or (when x is equal to the whole axis AD) = | <? ; fo that 
the centre of gravity is diftant from the vertex A, j^of the 

whole axis AD; 

Exaniple 
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fbf fmce C is their common centre of gravity, the 

diftances AC and CB, are inverfely as the weiights 

- of 



Wiafci 



Example 1V» To find the centre of gravity^ of a right 
tone ARC^fig. so; Plate L 
Put the axis or altitude AD =:«, diameter of thp bafe 
' BCzr^ } abfcifs AOzzx and ordinate EOs=>'* 

Then from the fimilarity of the triangles AOE, ADB, 

b hx 

wehavc AD : DB : : AO : EO; viaJ, <? : — : :^: v=r —.andt 

. putting, c for the circumference of a circle whole dia« 
meter is unity, the circumference of a circle whofe diame«> 
ter is EF, or «.y^ will be %cf \ whofe area is 2ry X |;y ; viz, 

ty\ pr (by fitbftitutirtg — for its equal jr) — 5^-. Therefore 

cV'x** . 

-^ .V reprefents one of the infinitely fmall weights intof 

which the cone is fuppofed to be refolved, and its fluent^ 
— r, is the fum of all thofe weights. Alfo— --;irAr i* 

the 4iiotnent€iBi of the Uttie weigbt» and its fluent, -j^ ^ is 

the fum of all the momenta. Then dividing the latter 

fluent by the fprmerwehave "T-i-t- "^=4^;^ or (when 

at becomes equal to the whole axis AD) ^a ; which fljiews 
Aat the diftance of the centre of gravity from A on the 
axis AD is equal to | of the whole axis AD* 

Example V. To find the centre of gravity of an bemf 
pbere ABO^fig- ai. Piatt L . 

Put the axis or radius AD=tf; DPrrjr; and MP, 
which is parallel to the. bafe, -izy. Then PMD being a 
right angled triangle, we haveK!Fl*=:jS3i5)*^DFI*i viz» 
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of thofe bodies J viz. AG is to CB as the b^y 
B is to the body A. Now fliould the rod be 
moved from its fituation AB into the fituation 
FE, the body B would defcribe the arch B E, and 
the body A would defcribe the arch A F, which 
arches reprefent the velocities of thofe bodies ; for 
they are the fpaces through which they move in 



' jfy n fl* — A-*. And, putting c for the circumference of a 
circle whofe diameter is unity, the circumference of a' 

. circle whofe diameter is ME, or a^*, will be sry, and its 
area will be zry X £y ; viz. cf"^ or (by fubftituting (ot yj its 
yalue as found above, viz, <?*— a**) ca^ — cx^\ and this is a 
feftion of the hemii^diere parallel to the bafe. Then 

la^^^cx*' X iir is one of the infinitely fmall weights into 
which the hemifphere is fuppofed to be divided; and its 

fluent rjV — — is the fum of all thofe weights, Alfo 

3 



cd^'^cx^ X XX is the fluxion of the momentum df the fmall 

weight; the fluent of which, viz, — — , is the fum 

of all the liiometita. And, when iV is equal to the whole 
axis AD, thofe two fluents become 



3ffl'-— r/i' 



-. or 



) 



ca" 



; and f — — — ; or 






2ca^^^ca* 



t(^ 



Then, dividing the latter fluent by the former, wtf 

have-^ -f- =: ^5.^, = \a : fo that the centre of era* 

vity is dtftant from the point D, I of the axis, or of the 
radius, AD» 

the 
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the fame time. ' But it has been demonftrated by 
the geometricians, that thofe arches bear the fame 
proportion to each other as the radii or diftances 
CB, CA; viz. BE is to A F as BC is to AC; 
and k. has been (hewn above, that BC is to AC 
as the body A is to the body B ; therefore it fol- 
lows, that the arch BE is to the arch AF as the 
body A is to the body B. But of four proportional 
qiuintit;es, the produdt of the extremes is equal to 
the produdt of the means ; therefore the produd 
of the body B, multiplied by the arch B E (which 
Conftitutes the momentum of B) is equal to the 
produdt of the body A multiplied by the arch AF 
(which conftitutes the momentum of A) 5 fo that 
their momentums being equal, thofe bodies will 
balance each other, and of courfe they will remain 
at reft. It is evident that the fame reafoning is 
applicable to the common centre of gravity of any 
jiumber of bodies, as alfo to the centre of gravity of 
ia fingle body ; viz. that if a fyftem of bodies, 
that are connedted together, or a fingle body, be 
placed with the centre of gravity on a fulcrum, 
that fyftem, or fiiigle body^ will remain perfeftly 
balanced thereon, and as fteady as if it were placed 
upon a flat horizontal furface. 

II. The ft ate J whether of reft or motion^ of tie 
4ommon centre qf gravity of two bodiet^ zvill not be 
altered byihe mutual aSHon of thofe bqdies upon each 
other. 

For, in the firft place, fuppofe that the centre of , 

G 3 gravity 
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gravity is at reft ; and that the two bodies, in con- 
fequcnce of their mutual attraftion, approach each 
other in a certain time ; it follows from the fore* 
going theory, that the (paces through which they 
move muft be inverfely as their weights, and kA 
courfe, the remaining fpaces between their laft 
iituations and the centre of gravity, will remain in 
the f^me proportion to each other as the originat 
diftances ; therefore the centre of gravity will not 
be moved from its original place.— An example 
will render this explanation more evident. 

Let the body. A, fig. 23, Plate I. weigh 2 
pounds, and B, 6 pounds. The diftiuices of thoTe 
bodies from the xrentre of gravity C, are inverfely 
as the weights of thofe bodies ; viz. BC, is i o feet, 
and AC, 30 feet ; (that is, as one to three) becaufc 
the weights are as three to one. ' Now fuppofe that 
in confeqtience of their mutual attra6lion, thofe 
bodies begin to move towards each pthdr ; and if iii 
one minute B comes to the place D, having pafTed 
over the diftaiice B D, equal to one foot ; the body 
A muft in the fame time have paffed over 3 feet, 
and muft have arrived at E ; then taking away BD 
from BC ; viz. one foot from 10 feet, there re- 
' mains D C, €qual to 9 feet ; alfo taking away A E 
from AC ; viz. 3 feet from 50, Xkfsxt, remains C E, 
equal to 27 feet. Now thofe two remaining dif- 
tances; viz. 9, and 27, are the one to the other 
as one to three ; therefore, &c. 
In the fccond place, if the two bodies, together 

with 
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^ith their common centre of gravity, be in motion, 
the peculiar motion, whicii arifes from their mutual 
attraction, cannot alter the courfe of their common 
centre of gravity ; becaufe, as has been faid above,^ 
they muft move towards the centre C in the inverfe 
atio of their weights. 

III. The fame rcafoning may be evidently ap- 
plied to the cafe of three, or four, or, in fhort, cf 
anyvnumber of bodies ; as alfo to the cafe of repul- 
fion J changing, in the latter cafe only, the name 
of centre of attraSiioHy for centre of repulfon ; and 
reckoning the motion of the bodies not towards, 
but from that centre. Hence it may in general *be 
concluded, that t^e fiate of the common centre of 
Suavity of different bodies will not be altered by 4he 
mutual aSlion of thofe bodies upon each other. 

IV. If any two bodies be carried totvards the fame 

^arts with equal or unequal velocities ^ the fum of the 

moment urjis of both the bodies will be equal to the mo* 

tnentum that would arife if both the bodies moved with 

the velocity of their common centre of gravity. 

Wlien the velocities of the bodies A and B are ^ 

equal, the propofition is felf*evident j for then their 

common centre of gravity muft move with the like 

velocity. - But wheither the velocities be equal pt 

unequal, the propofition may be eafily demon- 

ftratcd (2). 

V. // 



(2) Let A and B, fig. i. Plate II. he two bodieg 
moving towards D. Let C be their common centre of 

* 

04 gravity, 



88 ^he Method of afcer taming the. 

V. If tzvo bodies be carried tozvards contrary parts, 
the dijfference of their moment tms tozvards ihofe contrary 

parts 



gravity, and whilft A moves as far as a^ let B move as far 
as b^ and C as far as c. Since the fpaces Aj, B^, and 
C^, exprefs the refpcdive velocities of the two boi^ies, and 
of their centre of gravity, all we haye to prove is, that th? 
fum of the produds of A multiplied by A ^> and of B mul- 
tiplied by B i, is equal to the produdl of A plus B, multt-; 

plied by Ctf; viz. that Ax A^+B )iB*=='A+BxCr. 

Since C is the centre of gravity, A is to B as B C is to 
'A C, and as ^ ^ is to j r. Then alternately B C : ^ r : : 
AC : a cy and converfely B G : B C— ^f : : A C : AC 
'^acr But BC — if is equal to Cr — Bi; and AC — 
ac is equal- to A « -r^ C r 5 therefore B C : A C : : C c— 
Bb : Aa^^Cc. But it has been fhewn above, that A : 
P :: BC rACj therefore A :B : :Cc — Bb : A^ — 
C c. Now, fince of four proportional quantities, the pro- 
du£t of the extremes is equal to the produ£i: of the means, 
we haveAxAtfr— A x CczzBxCc — BxBAi and 
by tranfpofition AxAa + BxBb = A + B x Cc. 

When the bodies do not move in the fame ftraight lines, 
the demonftration is the fame ; excepting only that in this 
cafe the velocity is to be reckoned |iot upon the path which 
is aftuaUy dcfcribed by the bodieSj^ but upon the path of 
their common centre of gravity. Suppofe, for inftance, 
that the bodies A and B, fig; 2. Plate IL move towards 
D, whilft their common centre of gravity C moves in the 
Jine CD ; alfo that in a certain time thofe bodies have 
moved as far as the places a and b refpeftively, at the fame 
time that their common centre of gravity has moved f^om 
Ctoc. , 
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farts {which is equivalent to thefum of their tnomfn^ 
turns towards the fame part) ^lillbe equal to the moment, 
turn that would arife if both the bodies were carried to- 
wards the fame part with the velocity of their common 

centre of gravity ^'i^^ 

VL V/hat 

"^ ■^■" ' ' " ■ ' ' . ' " * ■ ■ ' " * ■ ' ' ■ " ' \ 

Froip A, B, f7, and ij drop B H, A F, j/ and AK, 
all perpendicular to H D, the dire£^ion of the centre of 
gravity. Then F^ will reprefent the velocity of A, and 
ll K, the velocity of B j for thofe are the real advances 
the bodies have made towards D. Now from the property 
of the centre of gravity we have A : B : : BC : AC : :. 
(fmce the right angled triangles ACF, BCH, are equl- 
angular, and confequently fimilar, by Fuel. p. 15, B. I. and 
p. 4. B. VJ.) HC:CF::Kf:f|^. Then, the demon- 
flration procee4s in the fame manner as, for the preceding 
cafe. 

(3) Suppofe that the body A, fig.> Plate II. moves 
from A to a, at the fame time that the body B moves in a 
contrary direction from B to i, whilft their common centre 
of gravity moves from C to c. Then their refpedive ve- 
locities are reprefented by A <7, B h^ and C r. Now, in 
prdcr to demonftrate the propofition, we muft prove that 
A multiplied ty A ^, miqus B, multiplied by B^, is equal . 
to A multiplied by C f, plus B multiplied by C r 5 or, 

AxAtf — BxBi= A + B X Cr. 

From the nature of the centre of gravity, we have A : 

3 ; : B C : A C : \hc\ jr j*hence altern;itply B C : he 

: : A C : 17 r, and converfely BC:BC — ^^riAC: 

AC — ac. But it has been fliewn that A : B : : B C : 

AC; therefore by fubfiitution and alternation, we, have 

4;B ; :BC — *^: AC-r^tf. 

Farther, 
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VI. What has been iaid in the preceding para- 
graphs with refpeft to the centre of gravity of two 
bodies, may be applied* to the centre of gravity of 
three, or four, or, in fliort, of any number of bodies ; 
for it follows from the preceding propofitions, tlwt 
two or more of the bodies may be conceived to be 
concentrated into their common centre of gravity ; 
hence the cafe may always be reduced to that of 
two bodies only. 

If it be aiked why, in the computation of the 
centre of gravity, we took no notice of the decreafe 
of the attraftive force according to the fquares of 
the diftances; the anfwer is, that in that cafe the 
diftance being one and the fame; viz. (the diftance 
of the body A from the body B, Fig. 22. Plate I. is 
the fame as the diftance of B from A,) the compu- 
tation is not altered by it*. 



Farther, EC — *r is equal to B ^ + C f, and A C — 
a c is_equal to A «— C^ 5 therefore A : B : : B i + C r : 
Atf — C f } of which four proportional quantities the pro- 
dudirof the extremes muft be equal to the product of the 
means j viz. AxAj — A xCr = BxB* + Bx 

Cr; and, by tranfpofition, AxAa — BxBi = A4-B 

X Cf. 

• For inftance, if we fay that the attradion of A towards 

B is as the weight divided b^the fquareof thediftance^ viz. 

A , 
4, and that the attraflion of B towards A is as the 



ABl 

weight of B divided by the fquare W the diftance ; vi2 
B 

"T^s > ^'^of^ ^wo fractions have the fame denomina- 
tor, 
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CHAPTER VII. 

THE THEORY OF PBRCUTIENT B01>IES, THAT 
MOVE WITH EQUABLE MOTION. 

THOUGH the prefent part of this work treats 
exprefsly of fuch properties as. belong to all 
bodies, without noticing the particular qualities 
which diftinguifli one body from another ; yet in 
this chapter it will be neceffary to take notice of 
one peculiarity only; namely, of the dificfent 
effefts which, in the coUifion of bodies, are pro- 
duceid by their being elaftic or non-elaftic\ the mean- 
ing of which words will be explained in the follow* 
ing definitions. 

1. A body perfeBly hard is that whofe figure is 
not in the Icaft altered by the fl.roke, or collifion, of 
another body. 

2. A body perfeSlly foft is that w^hofe figure is 
altered by the leaft impreffion, and which is 
deftitute of the power of recovering its original 
figure. 

3. An elaftic body is that which yields to the 
impreffion of anothet body, but afterwards recovers 
its figure. And, 



tor, ABl* J confequendy, to^ fay that AC : B C : : 
B A 

" Al3l* • ^5^» *' ^^^ ^^^'^ *^"2 ^* ^^ ^*y* ^^*' ^ ^ • 
BC;:B;A. 

4* It 
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4. It is called pfrfe£lly elajlic when it recovers its 
original figure entirely^ and with the fame force with 
which it loft it ; otherwife it is called imperfe£lly 
elaftic. 

5. One body is faid to ftrike direSily on another 
body, when the right line, ia which it moves, 
pafles through the centre of gravity of the other 
body, and is perpendicular to the furface of that 
other body* 

Though there are innumerable gradations firom a 
body pcrfeftly hard, to one perfedly foft ; or be- 
tween the latteJT and a body perfedly elaftic ; yet 
we cannot (ay with certainty that a body perfeftly 
poffefled of any of the above mentioned qualities 
does adtually exift. It is however certain that our 
endeavours have not been able to deprive certain 
bodies of the leaft degree of their elafticity, by mer , 
chanical means. 

The objeft of the theory of percutierit bodies is 
to determinckthe momeritums, the velocities, and 
the direftibns of bodies after their meeting ; which 
we fhall lay down, and explain, in the following 
propofitions. But it muft be obferved, that 
throughout this chapter we only fpeak of bodies 
which move with equable motion, that is, of fuch 
as defcribe equal fpaces in equal portions of time ; 
and we do Ukewife fuppofe that the bodies move in 
a non-refifting medium, and that they are not in- 
fluenced by any other aftion, excepting the fingle 
in^pulfe, which puts them in motion : for though 

fuch 
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ftich fimple and regular movements never take place 
in nature -j yet when their theory is once eftablilhed, 
"the complicated cafes, wherein the refiftanc^ of 
iliediums and other interfering caufes, are comprc- 
h€nded^ niay be more coniimodioufly examined > 
and proper allowances may be made agreeably to the 
nature of thofe caufes* 

I. If bodies moving in the fame fir aight lineyfirike^ 
og£unfl each other y the ft ate of their common centre of 
gravity will not thereby be altered y viz. it will either 
remain at reji^ or it will 'Continue to move in the fame 
fir aight line^ exactly as it did before the meeting of the 
bodies. 

This propofition is fo evidently deduced from 
the properties of the centre of gravity, as men- 
tioned at N* II and III. in the preceding chap-; 
ter, that nothing more needs be faid about it in 
this place. . 

II. Let there be two non-elaftic bodies -, and if one of 
them move in aftraight lincy whilft the other is at reft 
in that lincy or is moving in the fame direEiiony but at a 
flower. rate J or is moving in the contrary direSiion ; viz. 
towards the body firft mentioned y then thofe bodies muft 
necejfarily meet orftrike direElly againft each other y and 
after the ftroke they will either remain at refty or they 
will move on together y conjointly with their common^ 
centre of gravity. — 'theif momentum after the ftroke 
'mill be equal to the fum of their momentums before the 
firokey if they both moved in the fame direSiiony but it 
mil be equal to the difference of their momenfums if they 

moved 
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moved in contrary direShns. — TAeir velocity after the 
ftroke will be equal to the quotient that arifes from di^ 
viding thefum of their momentumSy if they both moved 
the fame iJ^ay^ or the difference of their momentumsy if 
they moved in contrary direSIions, by the fum of their 
quantities of matter. 

That in any of the above mentioned cafes the two 
bodies >muft meet, and ftrike againft each other, is 
fo very evident as not to' require any farther illuf'- 
tration. 

That after the ftroke thoie two bodies cnuft either 
remain at reft, or they muft move tc^ether, con- 
jointly with their common centre cf gravity, b 
likcwife evident ; for as the boUies are not elaftic, 
there exifts no power that can occafion their fepa* 
ration* 

With refpeft to the momentum, it may be ob- 
ierved, that when the two bodies meet, whatever 
portion of momentum is loft by one of them muft 
be acquired by the other; fince, according to the 
third law of motion, adion and re-aftion are always 
equal and contrary. to each other; therefore, if be-, 
fore the ftroke the bodies moved the Ikme, way, 
their joint momentum after the ftroke will be equal 
to the fum of their momentums before the ftroke* 
If one of the bodies was. at reft, then, as its momen- 
tum is equal to nothing, the joint momeatuni will 
be equal to the mgmentum of the other body be- 
fore the meeting. If the bodies moved towards 
each other, theii their momentum after the meet- 

9 i"g 
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ing will be equal to the difference of their former 
mbmentums ; and if in this cafe their momentums 
. are equal, then their difference vanifhea; hence the 
bodies will remain motionlefs after their meeting. 

The kit part of the propofitron is likewife e^i- 
dent; fince it has already ]>een fhewn, that in 
equable motion, the velocity is equal to the quo- 
tient of the momentum divided by the quantity 
of matter. 

When the weights and velocities of the two bo- 
dies before their meeting are known, their velocity 
^fter the meeting may be determined by the^ fol- 
lowing general method. 

Let A and B, in' fig. 4, 5, 6, and ^, of Plate II. 
which repi«fent the above mentioned cafes, be the 
two bodies ; let C be their common centre of gra- 
vity, and D the place of their meeting. Make DE 
equal to DCj fo that the point D may be bc-^^ 
tween C arid E; then DE will reprcfent the ve- 
locity of the t^o bodies after their meeting ; for, 
fince the bodies after the concurfc move together 
conjointly with their common centre of gravity ; 
and lince it has been proved in the preceding pro* 
pofition,' and at N"" II. of the preceding chapter, 
tliat the ftate of the common centre of gravity of 
the two bodies is not altered by their mutual adion 
upon each other ; therefore the velocity of their 
common centre of gravity after their meeting, muft 
be equal to its velocity before the meetings viz. 
D E iQuft be equal to C D, and is the fame as the 

velocity 
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Velocity of the two bodies kfter their meeting, be- 
feaufe then they move- together with their commori 
centre of gravity. 

Of the above mentioned figiiresi it may be eafiljr 
perceived, that the. 4th (hews when both the bo- 
dies more the feme way ; the 5th reprefents iht 
cafe in whteh B is at reft before the ftroke, and of 
courfe the two points R and D coincide ; the 6th 
(hews when the two bodies move towards each 
other; and the 7th (hews when the two bodies 
ihove towards each other with equal momentums, 
in which ca{e> after their meeting, they w'lll remain 
at reft. The refpeftive velocities of thofe tw^ 
bodies are reprcfented in all the four figures, by 
AD and BD j for they run over thofe diftances 
in the fame time ; and A B is the difference of 
thofe velocities* Alfo their refpeftive momentums 
are reprefented by the product of the weight of A 
multiplied by AD, and- the produ<5t of the weight 
of B multiplied by BD. The momentum of 
both the bodies together after their meeting, is re- 
prefented by the produft to their joint weight mul-*' 
tiplied byDE (i). 

Since 

»■ I II I i.ii . ■ m t 11 ■ • ■ 'I ■ I ■ , , ,. I 

(i) The following is an example of the nvimerical 
compu^tion of the firft cafe, fig. 4, whicii will be fuf£- 
cient to indicate the manner of calculating the othcir 
cafes. 

Let A Weigh xo (K)unds, and move 'at the rate of 4 k^t 

per minute. • 

■ . .. ttt 



Since wheii one of the bodies is at reft) the ve*- 
loci'ty after the meeting is equal to the quotient of 
the velocity of the moving body, divided by the 
fum of the ^foantitics of matter of both the bodies ; 
it follows that the larger the body at reft is, the 
Imaller will the velocity be after the meeting. For 






Let B weigh 6 pounds, and move at the rate of 2 feet 
per minute. 
And let the diftance A B be 32 feet ' 
The centre of gravity is found by faying 16 4 32 : : ,10 : 

B'C = ^^YT^ ~ ^^ ^^^^' hence AC = 12 feet. (Sec 

page 75.) 

Put BD^A", and 'AD will be equal to 32 + jr. Then the 
time employed by A in moving from A to D^ is equal to 
the quotient of the fpace 32 + ^) divided by its velocity ; 

viz. it is ^ And the time employed by B in mov- 

ing from B ta D) is equal to the quotient of the fpace x^ 
divided by*the velocity of B ; viz. it is. -• But fmce the 
bodies meet at D, thofe times mud be equal ; that is, 
^~ — ^-r; hence64i2Ji^^4J«'; and Ar=:32i::BD. 

T 2 

. Then DErzUB + B 0=32 + 20:^52 feet} that i.c, af- 
ter the meeting, thfe tyo bodies will move from D to E j* 
(viz. over 52 feet) ip as much time as each of them employ- 
ed in going to D 5 that is, 16 minutes. Therefore, to find 
W many feet per minute the bodies will run over after 
Ae meeting, divide 52 by 16, and the quotient 3 \ 
ft«W8 that the^' will move at the rate of 3 J feet per 
minute. 
VOL. I. H inflancc. 
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inftance, if the moving body A weigh one pound, 
and move at the rate of one foot per minute, whillfl^ 
the body B at reft weigh one pound alfo, the ve- 
locity after the concurfe will be half a foot per 
minute; half a foot being the quotient of one'fdot^ 
divided by the fum of their quantities of matter; 
viz. a pounds. If cateris paribus B weigh 10 
pounds, then the velocity after the concurfe will 
be the nth part of afoot per minute. If B weigh 
1 00000 pounds,' then the velocity after the con- 
curfe will be the. looooith part of a foot per 
minute; and in fliorty when B is infinitely bi^er 
than A, the velocity after the concurfe will be in- 
finitely fmal]> which is the fame thing as to fay, 
that in that cafe, after the*ftroke, the bodies will 
remain at reft. And fuch is the cafe when a 
non-elaftic body ftrikes againft an immoveable ob- 
ftacle. 

III. If a body in motion fir ikes directly againft an^ 
other body ^ the magnitude of the firoke is proportional 
to the momentum lofty at the concurfe y by the more power ^ 
fill body. 

According to the third law of motion, adion and 
rc-adion are equal and contrary to each other ; 
therefore whatever momentum is loft by one of the 
bodies, is acquired by the other. Or the magni- 
tude of this acquired, momentum (which is the 
efFedt of the ftroke) is as the momentum loft by 
the mor€^ powerful body ; it being by the quantity 

of 
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of the effedt that \ve meafure the quantity of the 
aftioti. 

^ IV. fF/iefi a given body Jlrikes direSlly againfi 
another given hody^ if tjie latter be at reji^ the quantity 
o/thejiroke is proportional to the velocity of the former 
body.—Ifthefecond body be moving in the fame direc- 
tion with the firfi^ but at ajlower rate, the magnitude , 
of^theflroke will be the fame as if the fecond body food 
flillj and the fir ft impinged upon it with a velocity equal 
to the difference of their velocities. — And laftly, if the 
Bodies move diretlly towards each other ^ the magnitude. 
of theftroke is the fame as if one of the bodies ft ood at 
reft, and the other ft ruck it with the fum of their velo- 
cities. 

The momentum of a given body is proportionate 
to its velocity j for with a double velocity the mo- 
mentum is double, with a treble velocity the mo- 
mentum is treble, and fo on ; therefore, .as long as 
the body remains the fame, the magnitude of the 
ftroke, being proportional to the momentum, muft 
likewife be proportional to the velocity. And when 
one of this bodies is at reft, the magnitude of the 
ftroke is evidently proportional to the velocity of 
the moving body. 

V. // follows from the foregoing theory, that the 
mutual aElions of bodies, which are inclofed in a certain 
[pace, * are'exaBly the fame, zvhether that fpace be at 
Tejl or move on uniformly anddiredly. 

For if the motion of the fpace adds to the velo- 
city of thofc bodies within it, which move the fame 

' H 2 way. 
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way, it takes away an equal portion of velocity from 
thofe bodies within it which move the contrary 
way ; thus, all the motions of the bodies in a Ihip 
are performed vin the fame manner, and the fame 
cffefts are produced on each other, whether the 
fliip be at reft or move uniformly forwards. 

The attentive reader muft have perceived, that 
in the explaiiation of the preceding cafes the dif- 
tances have been reckoned from the centres of the 
bodies ; whereas it is evident that the thickneffes 
of the bodies muft be daluded from thofe dif- 
tances , for the bodies do not ftrike againft each 
other with their centres, biit with their furfaces. 
It muft be obferved, however, that when the dif- 
tances are very great, and the bodies proportionate*- 
ly very fmall, it is immaterial whether the diftances 
be reckoned from the centres or from the furfaces 
of the bodies. But if great accuracy be wanted, the 
thicknefs of the bodies may be eafily allowed for in 
the computation. 

A fimilar obfer,vation may be madq with refpedt 
to the ftiapes of the bodies ; viz. that they have 
been reprefented as being globular, for the putr 
pofe of rendering the explanation fliort and per- 
fpicuous. 

Having hitherro treated of unelaftic bodies, 
that is, of fuch bodies as are either perfeftly hard 
or perfeAIy foft, it is now neceffary to ftate the 
rqles of congrefs which take place with elaftic 
bodies. 

At 
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At the commencement of* the prMent chapter, 
elafticity has been-faid to be that property by 
which bodies yield or fuffer their fi^re to be al- 
tered by the preflure of other bodies ; but which, 
oh the rehioval of the preffure, recover their original 
figure of their own accord. > 

This recovery -of the figure is performed with . 
greater or lefs quicknefs, and with more or lefs cx- 
aftneft, in different bodies ; which differences con- 
ftitute the various degrees of elafticity. And thofe 
bodies, which recover their figure completely, and 
as quickly as they loft it, are faid to be perfeSily 
tlajiic. 

Though we are acquainted with the effedls and 
the laws of elafticity, in a manner fufficient to ren* 
der that property fubfervient to our purpofes, yet 
the catife of that property is by no means under- ^ 
Aood ; nor has any hj^othefis been offered in expla- 
nation of it, which may be faid to be fufficiently 

plauiiblc. 

Let a ftring, AB, fig- 8. Plate II. be ftretched 
between, and be firmly fattened on, two immove- 
able fupports at A and B ; and if, ^y applying a 
finger at C, this ftring be pulled towards ' D, tlie 
ftring will be found to, refift that effort with a force 
greater and greater, the farther it is pulled from its 
original ftraight fituation. Wlien difengaged from 
the finger, the ftring will not only return, to its ori- 
ginal 'ftraight fituation, but it will go beyond it ; 
viz. towards E, and nearly as far from the ftraight 

H 3 fituation 
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fituatipn AG B, as AD B is from it, after which it 
will again bend itfelf towards D, and fo on, vibrat- 
ing backwards and forwards, but deviating contir 
nually lefs and lefs from the ftraight fituation, until 
at laft it remains at reft in its original fituation 
ACB. 

Now when the ftring^is firft difengaged from the 
finger,, its elaftic force draws the part I) towards C; 
but this force dccreafes in proportion as the part D 
comes nearer. to C, and when the part D is arrived 
at C, that is, when the firing is in its ftraight fitua- 
tion, the above-mentioned force is infinitely little 
or is equal to nothing ; but by that time the part 
D, having been impelled by a continual though 
decreafing force, will have acquired a momentum 
which carries- it towards Ej viz. beyond the ftraight 
s fituation ; but as foon as the ftring goes beyond C, 
the elaftic force begins to aft again in a direftion 

4 

contrary to that of the momentum. This aftion 
becomes ftronger and ftronger the farther the mid* 
die part of the ftring goes from the ftraight direc- 
tion, and of eourfe it gradually diminiflies the 
above-mentioned momentum, until at laft the mo^ 
m^ntum being entirely fpent, the ftring begia* 
again to move towards C, in virtue of the elafti<5 

force, and fo on. 

« 

The- extent of the vibrations becomes continv:!-' 

ally ftiorterand fliorter, on account of the refiftanc:^ 

, of the air, and of the want of perfeft pliability, <^^ 

of perfect elafticity, in the parts of the. ftring 9 
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« 

which two caufes continually tend to diniinifli the 
momentum, &c, . 

If the ftring be moved out of its ftraight , dlrec- 
tion,.not by the application of a finger, but by a 
body E, fig. 9. Plate 11. falling upon it at C from 
the height H, it will be readily underflood that 
the momentum of the body will eafily impel the • 
ftring towards D; but the re-adion of the firing 
on the body will gradually diminifh the momentum 
of the latter, and the farther the ftring is carried 
from the ftraight fituation, the ftronger will its re- 
aftion be, until at laft the* body, having loft 
all its momentum, will be carried back again 
towards C by the elaftic force of the ftring ; and 
in its way back, the conftant thpugh decreafing ac- 
tion of this elafticity from D to C, will give it a 
piomentum which will carry, it up towards H; 
aod the body would afcend precifely up. to H, were 
it. not for the above-mentioned caufes of obftruc- 
tion ; viz. the refiftaijce of the, air, &c. . 

It is almoft fuperfluous to pbferve that the great- 
er the height is from which the body E falls upon 
the ftring, the farther will the ftring be removed from 
its ftraight" fituation, and of courfe the ftronger will 
its re-aftion be. 

This explanation of the elafticity of the ftring 
may be applied to all forts of elaftic bodies j for the 
furface of every one of them will be bent more or 
lefs by any ftroke or preflTure, and .will afterwardg 
recover its original form by re-afting the contrary 

H 4 ^ way 
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way with a force, which, in perfcftly elaftic bodies, 
is equal to the preffure orftroke received. 

If inftead of the ftring, whofe ends are immove- 
able, &e. we imagine that two equal bodies like A 
and B, fig. lo. Plate 11* being impelled by equal and 
contrary forces, djreftly ftrikeagainft each other at 
C, it is evident that the contiguous furfaces of both. 
vwill be bent inwardly, and that the elaftic force cF 
A will drive the body B back from C towards B, 
(as the ftring did in the preceding cafe) at the 
* fame time that the elaftic force of the body B will 
impel A back with equal force from C towards A, 
fo that in this cafe the bodies after the ftroke wiU 
recede from each other ; whereas had they been non- 
elaftic, they Would have remained ftationaiy at tb^ . 
place of their congrefs \ C, 

We muft now determine the efFefts produced 
iafterthe congrefs of bodies that are p^;/^^r/y elaftic ; 
from which the laws of congrefs amongft thofe that 
are imperfedly elaftic may afterwards be eafify de* 

duced. .' 

Vl. When two bodies that are ferfe^ly $laJiUJirike 
direSlly on each other j their relative vehcity (by 
which is meant the excefs whereby the velocity of 
the fwifter body exceeds that of the flower) will be 
the fame before and after the firoke ; viz. they will recede 
from each other with the fame velocity with which 
they approached before the ftroke^ 

It has been ftiewn above, that when two given 
bodies ftrike on o\\^ another, the tnagnitiide of the , 

' • ^ . ■ ftroke 
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ilroke is proportional to their refpex^ive velocities. 
JBy the definition, a perfedly elaftic body has hetn 
faid to be that which recovers its figure with the 
fame force with which it loft it. Therefore in per- 
fedly elaftic bodies the reftoriiig force is equal to 
the compreffing force : fo that if the momentums ' 
of the bodies produced a certain compreffion, the 
elaftic fprce muft re-a6t on the bodies with the like 
force ; hence the bodies will be forced to recede 
from each other with the fame velocity wherewith 
they approached each other. 

It is a natural cojnfequence of this demonflra-- 

tion, tAat in equal times taken before and after the 

Jiroke^ the distances of the bodies from one another will 

he equals and therefore in equal times their difiancet 

from their common centre of gravity will likewife be 

efjuaL 
Thus much being premifed, the laws of congrefs 

in bodies that are pcrfeftly elaftic may be eafily de- 
termined. But in order to comprehend the folu- 
tion of the following cafes, the reader ftiould recol- 
left and keep in view the following particulars, 
which have all been fufficiently proved in the 
preceding pages ; viz. ift, that the diftance^ of two 
bodies from their common centre of gravity are in- 
verfely as their weights : 2dly, that the ftate of reft 
or of uniform motion of the centre of gravity of 
bodies is not altered by the mutual aftion of thofe 
bodies on each other : 3dly, that in bodies that are 
Perfeftly elaftic, the reftoring is equal to the com- 

prefling . 



io6 The Theory of 

preffing force : 4tlily- and laftly, that the difUncc- 
of the bodies, from each other, and from their con^ — 
mon centre of gravity, are equal in equal, time- 
taken before and after the ftrpke. 
. ' Now let A and B, fig. lo. Plate 11. be two equa^l 
bodies perfedly elafticjC is their common centre 
of gravity, which, fince the bodies are equal, (lands 
midway between them. Let both tlie bodies be 
impelled with equal force, dircdlly towards each 
other, in confequcnce of which they will move in 
a certain time (for inftance, a minute) from 
their refpeftive places to C, where they, meet, 
, After the irapulfe their elafticity will impel each 
body back towards it§ original place, fo that at the 
end of one minute from the time' of their meeting 
they will be found precifely where they Were a mi- 
nute before their meeting, viz. at A and B. 

Let A and B, fig. ii. Plate II. be two equal and 
perfectly elaftic bodies, as in the laft cafe, and let 
one of them, for inftance B, be at reft, whilft the 
other body A moves towards it, fo as to reaqh it in 
one Ininute's time. Here A3 reprefents th^ 
velocity of it, and C B reprefents the velocity 
of the centre of gravity C i for ii> the fame tim^ 
that A comes from the place A to the place B^ 
C muft come from C to B, therefore at the end o£" 
one mintite after the ftroke the centre of gravitjr 
muft be at F, viz. as far from B as its original fitu- 
atibn C was from the place B a minute before the 
ftroke j but a minute after the ftroke the body A 
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muft be as far from the centre of gravity, viz. from 
F, as itftood atninute before the ftroke ; therefore it 
iriuft ftand at B. Now as the fam^ reafoning may- 
be applied ^o any other equal times taken before and 
after the ftroke, fuch as half a minute . before and 
half a minute after, &€• therefore in. this cafe the 
body A after the ftroke will remain ftationary at B, 
and the body B will move on with the velocity that 
the body A had before the ftroke. 

Having thus explained ttyo of the fimpleft cafes 
of gongrefs in a feparate manner for the fake of per- 
Tpicuity, I fhall now give one general rule for the 
folution of all the other cafes, which are delineated 
iif Plate II: from fig. the 12th to fig. the 20th in- 
clufively, in which figures A and B reprefent ' the 
two bodies; C is their common centre of gravity ; 
D the pla(;e at which they meet. A D exprefles the 
velocity of A ^ B D the velocity of B j and C D 
that of the centre of gravity. — Then the rule for de- 
termining the velocities after the ftroke is as follows : 

Take a point E in the line A B, produced if ne- 
GefTary, fo that the diftance C E be equal to C D ; 
then after the ftroke the right line E A will exprefs 
the velocity of the body A from ,E towards A, and 
the right line EB will exprefs the velocity of B 
from E towards B. 

In any one of thofe cafes the centre of gravity 
Cmuft move from C to D, and after the ftroke, 
fi;om D forwards to a diftance D F equal to D C in 

a portion 
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a portion of time equal to that in which A and B 
employ for coming from the places A and B to D; 

Make Ya equal to C A ; aqd fince in equal times> 
taken before and after the ilroke^ the diilances ot 
the bodies from the cocnmon centre of gravity are 
equal, therefore when the centre of gravity is at F 
the body A will be at ^ ; fo that after the ftrdce it 
will move from D towards a^ and Tia\ which it has 
paffed over m that time, will reprefent its velocity. 
But becaufe C E is equal CD, or to F D, and C A, 
is equal to Fa, the difference of the right lines CE* 
C A will be equal to the difference of the right Knes 
FD, Ya ; viz. EA will be equal to Da. But Da reprc* 
fents the velocity of the body A after the impulfe, 
therefore its velocity will alfo be reprefented by EA. 
And fince the relative velocity of the bodies before 
and after the ftrokeisthe fame, and E A reprefents 
the velocity of the moving body A ; therefore the 
velocity of the' body B, moving from E towards B^ 
is of courfe reprefented by the right line E B. 

For the better illuftration of this theory, I (hall 
briefly mention the meaning of the figures which 
exhibit the various cafes of the congrefs of bodies 
that are perfeftly elaftic, to every one of which the 
preceding explanation is equally applicable. 

Fig. 12; is the cafe when B is lai^r than A, 
(which is indicated by C, the fituation of the centre 
of gravity) B is at reft, ^nd A ftrikes againft \i. 
In this cafe, after the fljoke, both the bodies will re- 

ced<? 
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cede from the point D, with the velocities £A 
andEB. 

Fig. 13. (hews when A is larger and runsagainft 
B at reft ; in which cafe, after the ftroke, both bodies' 
Krill move towards F. 

Fig* 1 4. is the cafe when A is larger than B, 
both bodies ^e in motion the fame way, and meet 
at D, &c. 

Fjg. 15. the fame as the preceding, excepting 
that A is lefs than B. 

In fig. 16. A and B.meet at D, where A reniains 
at reft. 

In fig. 17. after the ftroke the equal bodies 
A and B recede with interchanged velocities. 

In fig. x'8. the bodies are proportional to their 
velocities, in which cafe the points C, F, D, and E, 
coincide. 

In fig. 19. A remains ftationary at the place of 
congrefs D. 

In fig. 20. though ' the bodies A and B meet at 
D between the places A and B, yet after the ftroki 
both bodies will move towards F. (2) 

After 



(2) The method of making the numerical computation 
of thofe cafes will be (hewn by the following example, 
which is adapted to the cafe reprefented in fig. 14, to 
which the reader is requefted to direft his eye ; though for 
want of room the parts of that figure be not drawn in the 
due proportion,, 

Let 
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After the explanation of the preceding cafes, the 
method of determining the velocities after the 
ftroke, when the bodies are not perfeftly elaftic, may 
be eafily underftood. 

' ' Thus 
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Let A and, B be two perfeftly elafiic bodies. A weighs 
^ pounds, and moves at the rate of 8 feet per fecond. B 
weighs one pound, and moves the fame way at the xtX'^ of 
5 feet per fecond ; and let the diftaJice A B be i2 feet. 

1. To find the centre of gjravity C, vi^e have A + B • 
-B::AB:CA, viz. 3;i:; 12:4; fothatAC=4, and CB 

.=AB— AC=8. ' , 

2. To find the diftance BD, put BDrrA* ; and Cncc 
the diftances AD and BD ate run ovier in the fame time, 
the former at the rate»of 8, and the latter at the rate of 5 

feet, per fecond; therefore we have — =: — g — ; hence 

Sa- =:i a: + 60; and 3;v=:6o ; orAT =20 =: BD. 
• 3. If the dillancc BD, viz. 20, be divided by the ve- 
locity of B, viz. 5, the quotient 4 is the number of fe- 
conds, during which the bodies moved from their reflec- 
tive places A and B, to the place of their congrcfs D. 

4. EC = CD = CB + BD=:8 + 20 = 28; and EA 
rz EC — AC = 28 — 4 = 24 ; which being divided by 
4 (the number of fcconds found above) gives 6 for the ve- 
locity of A after the ftroke, in the dire<5lion from E to- 
wards A. 

Alfo EB = EC -f CB = 28 + 8 = 36 ; which, .being 
divided by 4 (the number of feconds, &c.) gives g for 
jhe velocity of B after the ftroke in the direction from, E 
towards B. So that after the ftroke, the bodies A and B 
will both continue to move the fame way, but the former 

' , ■ ■ .-at 
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Thus let A and B, fig. > i atid 22, Plate IL be twb' 
bodies imperfeftly elaftjc ; C their common centre 
of gravity ; D the place of their meeting. Divide 
ACin ^, fo that AC may be to ^C, as the force 
comprefiing the body A is to the force whereby it 
reftores itfelf. Alfo divide BC \nby fo that BC 
may be to ^ C as the force compreffing the body o 
is to the force whereby it reftOres itfelf. Ta]ce C E 
equal to C D ; and laftly the right line E^ will ex- 
prefs the velocity of A after the ftroke, in the di- 
rection from E towards /7, and the'right line E/J will 
exprefs the velocity of B after the ftroke in the di- 
reftion from E towards D. 

There being perhaps no body in nature which ' 
maybe faid to be perfedHy'elaftic, the rules given 
for determining the velocities of bodies that are 
perfedtly elaftic, cannot be verified experimentally ; 
but the deviation of the experimental refult from 
the rules is proportionate to what the bodies want 

at the rate of 6, and the latter at the rate of 9 feet per fe- 
cond. 

In the like manner may the other cafes be calculated.— 
I have given this method of adapting the calculation to 
the figures, or of expreffing the parts of the diagrams, by 
means of numbers, in preference to the complex rules 
which have been given for this purpofe by certain learned 
writers, becaufe the latter ajre feldom remembered, 
and are difficultly applied to the folution of the various 
cafes of impaft amongft bodies that are poflefled of perfect 
clafticity. 

' ©f 
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of perfeft elafticity ; and this deviation Is taken into 
the account after the manner mentioned above. 

The precife dcjgree of elafticity of which any par- 
ticular body is pofleffed, ipuft be afcertai/ied by 
means of adual experiments on the body itfelf, 
which experiments differ according to the various 
dature of the bodies. 
, When more than two bodies move in the fam^- 
ftraight line, the determination of the velocity of 
each body,after the various impdds with each other, 
cannot be comprehended under any general rules^ 
the variety of cafes being too great, and fbmetime^ 
very intricate ; yet when any particular cafe prcf. 
fents itfelf, the preceding rules will be found, fuffi- 
cient for the folution of it, viz. for afcertaining the 
velocities,- &c. But in the folution of fuch cafes, 
the operator muft take care to calculate, in the firft 
place, the velocities of thofe two bodies which ap- 
pear from the circumft'ances of the cafe to meet 
firft \ then to fubftitute thofe new velocities which 
are'the real velocities of thofe two bodies after their 
meeting, and with them to calculate (according- as 
any. one of thofe bodies is conceri^ed with the fe- 
cond ftroke) the velocities after the fecond congrefe, 
and fo forth. 

Moft of the foregoing cafes,, both of perfeiSly 
and of Imperfeclly elaftic bodies, might be ex- 
prefled in the form of canons^ (that is, of particu- 
lar rules) and by ftating bodies of various weights, 
and moving v;ith various velocities, the numbers 
I of 
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)i thofe, canons might be incffeafed without end. 
The following three paragraphs cohtain three fuch 
::anons,by way of examples^ which the reader will 
afily perceive to be nothing more than particular 
:a(cs expreffed in words. 

When t%vo iodies^ perfeSlly elaftic and equals are 
carried towards the fame party after the meeting (if 
their velocities be fuch as to admit of their firiking 
againfi each other) they will continue to move in the 
fame dire£lion but with interchanged velocities. But if^ 
they be carried towards contrary parts ^ then after the . 
meetings they will go back with interchanged velocities^ 

If any number of equal and perfeSlly elaflic, bodies 
lie at refti contiguous to each other in the fame fir aight 
line^ and another body equal to one of them flrike the 
^fi rf them in the fame ftraight line with any velo- 
dty ; then after thejfiroke the flriking body and alt the 
refi vnllremain at refty and the laft body only will move 
m with the velocity of the flriking body.-^a tWii 
cafe, the bodies aft as if they were feparate ; viz. 
when Af fig. 23, Plate IL ftrikes direfUy againft B, 
after the flroke A will remain at reft, and B 
would move on with the velocity that A had if the 
other equal body C ftood not contiguous ; but as 
C is contiguous ta it, B communicates its velocity 
to C, and remains itfelf at reft ; and in the like 
manner C communicates the fame velocity to D, 
and D tQ £ ; which laft body £ will in confequence 
of it be forced to move towards F with the velo- 
city that A had at firft. 

VOL. I.* I ^ If'' 
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If every thing remain^ ^s in the preceding cafe^ except '^ 
ing that now two bodies A and B, fig. 24, Plate II. 
contiguous to each other y be impelled towards C, then 
after iheftroke^ A, B and C will remain at refty andD 
and E will move off towards F with the velocity that 
A and B had atfirft.^ 



CHAPTER VIII. 

OF COMPOUND MOTION ; OF THE COMPOSITION* 
AND RESOLUTION OF FORCES^ AND OF OB- 
LI<iUE IMPULSES. • 



«} 



BY, compound motion is underftood that move- 
ment of bodies which arifes from more than 
oqe impulfe^ for in fiich cafes the velocity and the 
diredion of the body .put in motion, arife from 
the concurrence of all the impulfes, and participate 
of them all, under certain determinate laws, which 
will be fpecified in the following propofitions. 
. I. IVhen a body is impelled at the fame time by two 
forces in different direElionSy the body will move not in 
any o^te of them ^ but in a dire£lipn between thofe 
two. 

Thus if a body A, fig. 25, Plate II. be impelled 
by twQ forces, viz, one wljich by itfelf would drive Tfc 
in thedirertion AB, and another, which by itfelf 
would drive it in the diredion AD s then the bcxiy 

A being 
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A being impelled by both thpfe fohres or impulfes, 
at the fame time, will move in a direftion AC, 
between A'D and ABi for fince, according to the 
lecond law of- motion, the change of motion is 
always made in the direftion of the right liiie in 
which that force is impreffed, therefore the motion 
of the body along the line AD is altered from the 
diredion A D, to another direftion towards A BT, 
by the other impulfe, which afts in the direftion 
AB. And for thefaitie reafon, the motion of the 
body along the line A B is changed for another di- 
reftion towards A D by the impulfe which afts in 
that direftion. Therefore the motion arifing from 
thofe two impulfes muft have a direftion between 
A D and A B. — But it will be (hewn in the follow- 
ing propofition, how much this new direftion will 
deviate from A D, and from A B. 

II. fVhen a body is impelled at the fame time by two 
forces in different direclionSj if two lines be drawn 
from the place in which the body receives th^e double 
impulfe y in the direSfions of thofe:impulfes j and the 
lengths of thofe lines be made proportionate ^0 the im'^ 
pelHng forces i alfo through the end of each of thofe 
lines a line be drawn parallel to the other, a parajielo - 
gram wiU thereby be formed-, artd if a diagonal line 
be drawn from the place where the body receives the 
double impulfe ta the oppofite corner of the parallelo^ 
gram^jlfe length and fituation of that diagonal tvill 
repreferU the velocity and the direEiion of the body*: 
motion y arifing from the double impulfe. 

.' ' 12 Thus, 
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Thus, fuppofethat the body A, fig. 1^6, Plate IL 
be impelled in the dircdion A D, by a force which 
wpiUd enable it to move at the rate of 4 feet per 
fecond; alfo that at the fame time the fame body 
be impelled by another force in the direction A B, 
which would enable it to move at the rate of 3 feet 
perfecond. Make AD equal to four, and AB 
equal to three (for inftance, inches ; or you may 
ufc any other dimenfion toreprefent feet). Through 
D draw DC parallel to A B ; and through B djaw 
B C parallel to A D j by which means the parallelo- 
gram A B D C will be formed. Laftly» draw the 
diagonal AC, and A C is the direAion in which the 
body which is impelled by the above-nientioned 
two impulfes, will move. Alfo the length A C will 
exprefs the velocity of the body ; fo that if AC be 
found, either by calculation or by meafuring th« 
diagram, to be 5 inches long ( 1 ) ; wc conclude 

that 
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( i) The length and direflion of A C ; viz. the angles it 
makes with AD and AB, may beeafily found by trigono* 
metry ; it being the folution of a plane triangle, in which 
two fides, and the angle between thofe two fides, are 
known. 

The direftion of the impulfes being ^ given, the angle 
DAB is alfo known ; for it is the angle which the di'rec- 
tions of the two impuHes make with each other «. 
The angle ADC is likewife known, becaufe if is d^ 
complement of the angle DAB to tw6 right angles* The 
Iine$. AD and DC (s:AB} are to each other in the pro* 

portion 
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that the body will move at the rate of 5 feet per 
fecond, fince in the dimenfions of A B and A D, 
inches were employed for reprefenting feet* " 

That the body thus impelled by the two forces 
muft move along the line A C, is eafily deduced from 
thefecond law of motion; for fince the change of 
motion is proportionate to the moving force im- 
preffed ; if from any point c in the diagonal 
AC you draw two right lines, viz. dc parallel 
to' A B, and if c parallel A D, thofe two lines 
will reprefent the deviations of the* body's mo-* 
tion from the direftions A D and AB ; fince by 
law the ad, the change of motion is made in the dip 
reftion of the moving force imprcffed* And thofe 
two Knes are proportional to the impelling forces, 

portion of the two impulfes, and may be reptefented by 
any dimenfions, as inches, feet, &c^ Therefore in the 
triangle ADC the fides AD, DC, and the included angle 
D, are known. Hence by trigonometry we have AD + 

DC : AD — DC : : tangent P^<^+P^^ . : . tangent 

t)CA--^DAC whence we obtain half the fum of the 

angles at the bafe, viz. of the angles D C A and 
D A C. Then half the fum, plus half the difference, 
is equal to the greater of thofe angles; viz. DC A ; and 
half the fum, minus half the difference, is equal to the 
other angle DAC, which gives the dire£Uon of AC ; thus 
all the angles will be known* Laitiy, fay, as the fine of 
the angle DCA is to the fine of the angle ADC, fo is 
AD to a fourth proportional, which is equal to AC, 
Hence both the dire£tion and ' the length of AC will be 
known. 

1,3 ot 
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or to the lines A B and A D, which reprcfent. thofe 
forces ; yiz. dch to ^r, as AB is to AD; ^)ecaufe 
(by Eucl. p. 24. B. vi.) the parallelogram Adcb 
is fimilar to tlie parallelogram ABDC. 

If it be faid that the hddy thus impelled will at 
any time be found at any other place out of the 
diagonal AC, draw om* parallel to A D, and gd 
parallel to AB ; then om and od^ which reprefent the 
deviations,. &c. ought to be proportional to th^ 
forces which occafion thofe deviations, viz, o)?i QUght 
to bear the fame proportion to ed 2ls AD does to 
AB. But this is not the cafe, b^caufe the parallelo- 
gram Ad mo is not fimilar to the parallelc^an^ 
ADBC. Therefore the body, &c, muft;,move 
along the diagonal AC, and in no other dii^^ion, 

III. fFAen a body is impelled at the famt time by 
three forces in three different direSiions^ the velocity 
and the direSIion of the hodfs motion^ which arifes. 
themfromy tnuji be determined by firji afcertaining the 
cpurje which would be produced by any two of thofe 
forces J according to the preceding propojition ; and then 
by finding the courfe laji founds and the third force^ 
which, will be the courfe f ought. 

Thus if a body A, fig. 27, Plate II. be impelled 
by three forces ; viz.. with a force which by itfelf 
would enable it to moye in the direftion A B at the 
rate of four feet per minute ; by a fecond force;^ 
which by itfelf would enable it to mqve in the di- 
reftion AC at the rate of three feet per minute j 
and laftly, by a third force, which by itfelf would 
enable it to move at the rate of five feet ppr rni-j^ 

nute 
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nute in the direftion A D. -Wlake the lengths of 
the right lines proportionate to the forces, viz. A B 
four, AC three, and A D five, inches, or feet, &c. 
long. Then imagine as if the body were impellpd 
by the firfl and fecond forces only, and, by the pre- 
ceding propofitionj find the> compound motion 
arifing therefrom, viz. through B draw B E paral- 
lel to^ A C, and draw C E through C parallel to A B ; 
and the diagonal A E will reprefent the direftion 
and the velocity of the motion refulting from thofe 
two forces. Then after the fame manner find the 
compound motion refulting from the force repre- 
fentedby AE, and the third force reprefented by 
AD; viz. by drawing through E and D the lines 
EFand DF, refpeftively parallel to AD and to 
A Ej as alfo^ the diagonal A F ; and this diagonal 
A F will reprefent thecourfe of the body, viz, the 
velocity and direftion of its motion, arifing firorh 
the above- mentioned three impulfes. 
■ Tb^ dembnftration of this propofition is fo evi- 
dent a confequence of the preceding propofition, 
that it will be n^dlefs to detain the reader with a 
repetition of almoft entirely 'the fame words. 

It appears likewife, that the like reafoning may 
be extended to the cafe of four or five, or in (hort, 
of any number of impulfes. . * . 

Notwithftanding the apparent multiplicity and 

intricacy of fuch cafes, an obvious remark will fur- 

ni(h a general rule, by mcahs of which the place 

of the body at any time may be eafily deter- 

• 14 mine J 
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mined in all cafes ; viz. whether^ the impulfes 
be fingle,' or accelerative like the force of gravity, 
or whether fome of them be of the former, and 
others of the latter fort* 

Th^ obfervation which furniflies the rule is, that 
at the eild of a certain time the body which is im* 
pelled by two forces, will be found precifely at the 
place where it would be found if the two forces aded 
one after the other ; the time however mufl: not be 
doubled. For inftance, in the cafe of fig. 26, Plate 
IL the body A is impelled by two forces, viaj. one 
in the diredtion AD, which alone would drive it 
as far as D in one fecond, and another force in 
the direction A B, which alone would drive it to B 
in. one fecond. Now if you imagine that thofe two 
forces be applied one after the other, viz. that 
when the body is at D, the other force impels it in 
the direction DC parallel to AB, and as far from 
D as B is from A ; then C is the place where the 
body will be driven in one fecond by the compound 
afkion of both the forces. 

This obfervation is evidently applicable to the 
cafe of four or more impulfes ; and hence we de- 
rive the following general rule for finding the place 
or fituation of a body after a certain time, when 
the body is impelled by any given number of given 
. forces. ^ 

Rule. Imagine as if the body were impelled by the 
given forc^s^ not at once,, but fuccejfively one after the 
other J fn direSlions parallel to their originai direSions^ 

and 
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tmi eath in sn ^qual portion' of time \ and the laftjitua^ 
tion is the place where the body witi be drii>en in the 
like portions of time ^ by the pint aSIion of alt the forces 
at the fame time. ' 

Thus in the cafe of fig, 27, Plate II. the^ firft 
force by. itfelf would impel the body to B in one 
minutes the fecond force would by itfelf impel \% 
firomBto £ in one minute (BE being equal and 
parallel to A C) ; and the third force alone would 
impel it from E tO' F in one minute. (EF being 
parallel and equal to A D) ; therefore the joint ac^ 
tipn of all the thcee fwrcies will drive the body from 
A to F in one minute. 

If, inftead of one minute, any other portion of 
time be made ufe of, the figures arifing therefrom 
will always be fimilar, fo that whether the figure 
be larger or fmaller the point F will always be in 
the right line A F ; which likewife fliews that when 
a body is impelled by fingle impulf6s (viz. fuch as 
produce equable motion) let their number be 
what it may, the. courfe of the body between its 
original place A and the place F, where it will be 
found at the end of any time, is always redilinear ; 
hence the ri^t line A F reprefents, as we have al- 
ready obferved, the diredion and velocity of the 
body*s motion. 

Sometimes the direftions and the fl:rength of the 
impulfes are fo circumftanced as to produce no mo- • 
tion on the body ^ in which cafe the forces are faid 
to be balanced in oppofite directions ^ and to thofe 

cafes 
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cafes the above-mentioned rule is equally appli- 
cable. Thus if a body A, fig- 28, Plate J I. be 
impelled by a force which in one minute*s time 
would drive it in the direftion A B as far as B, and 
likewife by another force equal: to the former, which 
by itfelf would drive it in the direftion A C op- 
poCte to the direftion AB, to a place C, as' far 
from A as B is from A ; it is' evident that thofe two 
equal, but oppofite, impulfes> afting at the iame 
timfe, will not produce the lead motion in the 
body, for they deftroy each other. 

Likewife if a body be impelled by three powers 
in three different direftions, and the compound 
courfe which would be producedby two of thofe 
forces be equal and opjx)lite to the third force, the 
body will not be moved by thofe three forces.— 
Thus if the body A, fig. 29, Plate II. be impelled 
in the diredion A B by a force which in one mi. 
nute would enable it to go as far as Bi alfo by a fe- 
cond force, which in one minute would enable it 
to go in the diredion A C as far as C ; and laftly, 
by a third force, which in one minute would enable 
it to move in the diredion AE as far as E. Find the 
courfe of the body which would arife from the joint 
. ad ion of the two forces AB and AC, viz. by drawing 
B D parallel to A C, and C D parallel to A B, and 
joining AD.. Now if this diagonal AD happens 
to be equal to AE and oppofite to it, that is, in the 
fame right line, then the body A will not be moved 
by the joint vadion of thofe three forces; for 

the 



• 0/ Compound Motion^ ] &c. 1-23 

> . > • ■ • 

riie two forces A B and AC are equivalent to the 
force reprefented by AD; but this force A D is 
equal and dppofite to thfe force AE; therefore the 
fum of the two forces AB and AC, is iikewife 
equal and oppofite to A E ; hence the body will 
hot be moved from its original place A. 

Since A B D C is a parallelogram, the line B D. 
is equal and parallel to A C, as alfo the line D C 
toAB; and, in cafe of an equilibrium or balance 
of the three forces, A D has been (hewn to be 
equal to, and in the fame right line wifh, A E, 
which is the fame thing as to fay that A D is pa- 

* rallel to A E. Therefore we eftablifli the following 
propofition, which is of great ufe in mechanics, - ■ 
IV. If a body be impelled by three powers^ or^ 
(which is the fame thing) it be drawn by three powers i 
in three different dire£iions, >. and thofe pozuei'S Balance 
each other Jo as to leave the body at reft j then thofs 
powers muft have the fame proportion to each other as 
' have the right li/tes (A B, BD, and A D) drawn pa- 
raUel to their directions ^ and terminated by their mutual 
concourfe. And vice verfa, if the lines drazvn pa-" 
rallel to the directions of the 'three forces, and termi- 
nated by their mutual concourft, bear to each other the 

fame proportion that the forces b>ear to eflch other ^ then 
t lie bgdywill remain at reft {^2). 

h 
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(2) By trigonometry, the fides of plane triangles ar'e as 
the fines of their oppofite angles. Therefore in the tri- 
angle 
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It will be hardly neceffary to obferve, that a ba- 
lance of forces may take place amongil any number 
€^ fuch forces ; fo that a body may remain perfed* 
ly at reft, though afted upon by four or five, xr 
any other number of forces. In this cafe the forces 
are fometimes called j)r^r« ; for in fadt- they only 
pref$ upon the body without being able to move it 
out of its place. ' 

V. As the joint aSlion of feveral impulfis compel a 
body to perform a certain courfe^ fo tvheneyer we ob^ 
ferve aty particular courfe of a body^ we may imagine 
th^t courfe to he produced by the joint aSion of two or 
more impulfes that are iquivalent to that fingle im^ 
pulfe. ^ . _ 

, Thus finding that a body A, fig. 26, Plate II. 
has moved firom A to C, we may imagine either 
that the body has been impelled by a fingle force 
in the direction of A C, and proportionate to the 
length of AC, or that it has been impelled by two 
forces at once, viz. by one in the dire<3:ion of A D, 

— ■— — — ■ ■ ■ ■» ■! ———1 1 I I I ■ I » ■■ ■ ■ I a 

angle ABD, fig. 29, Plate IL A B is to B D as the 
fine of the angle A D B, or D A C, is to the fine of the 
angle DAB;, hence any two powers will be to each other 
reciprdcally as thefines of the angles, which the lines re- 
prefenting their diredions, make with the direction of the 
third power. Farther, A D is to A B as the fine of the 
angle ABD is to the fine of B D A, or D A C ; and in 
like manner the power aSing according to A £ is to the 
power a£ling according to AC, as the fine of the angle 
A C D is to the fine of the angle A D C, or B A D. 

- and 
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and proportionate to tjic length of AD 5 and by 
another force in the diredion of AB or DQ and 
proportionate to A B or J3 C. Therefore, if two 
fides of any triangle (as A D and D C) reprefent botk 
the quantities and the direSions of two forces aSing 
from a given pointy then the third fide (as A C) of the 
triangle will reprefent both the quantity and the direc^ 
tion of a third for ee^ which ^ a£ling from the fame pointy 
will be equivalent to the other two, and vice veria. 

Thus alfo in fig. 17, Plate IL finding that the 
body A has moved along the line A F from A to F 
m a certain timej -we may imagine, ift, that the 
body has been impelled by a fingle force in the di- 
reftion and quantity reprefehted by A F ; or zdly, 
that it-has been impelled by two forces, viz. the 
one reprefented by A D, and the other repreferited 
by A Ei or thirdly, that it has been impelled by 
three forces, viz. thofe reprefented by AD, A B, 
and A C 5 or laftly, that it has been impelled bjr 
any other number of forces in anydiredtions; pro- 
vided all thofe forces be equivalent to the fingle 
force which is repre(ented by A F. 

This fuppofition of a body having been impelled 
by two or nciore forces to perform a certain courfe j 
or, on the contrary, the fuppofition that a body 
has been impelled by a fingle force, when the body 
isadtually known to have been impelled by feveral 
forces, which are, however^ equivalent to that fingle 
force i has been called the compofition^ and refolution 

" of 
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of forces 'y 'and :is of great tife- in mechanics, as will 
be Ihewn in tlVe fequel. ' 

• In the preceding pages wc have laid down the 
laws fclativie to the congfefs, or impaft, of bodies, 
when the bodies, ftrike in a direction perpendicular 
to 6ach other. It is now neceffary to examine thofc 
cafes in which the bodies .ftrike in an oblique direc- 
tion, the effefts of which could not have been con- 
veniently explained previoufly to the dodtririe of 
the compofitioh and refolution of forces, finCe it 

' deperfds principally on (bat doftrine. 

It has been fliewn, that if u body A, fig. 26^, 
Plate II. be ftiuck by two powers at the fame time, 
.viz. by one in the direft'ion from A towards B> and 

' by the other in the direftion from A towards J)y 
the body will tWreb^ be forced to defcribc the dia- 
gonal AC. Now let this motion be reverfed, viz, 
imagine that the. two powers pr bodies K and L^ 
are at reft, and that the body A, advancing fronj 

, C, along the line C A, ftrikes againft thofe two 
bodies at the fame time ^ the confequence will be, 
that both the bodies w'ill be moved from their 
places, fmce they are botli ftruck j that the im- 
pulfe will be divided amongft them in the propor.. 
tion of the lirle A B, which is perpendicular to the 
body K ; to the line A D, which is perpendicular 
to the body L ; and laftly, that thef body L will be 
impelled towards Q, whilft the body K i? impelled 
towards P. 

It 
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' It is evident that the. force of the impuife muft 
be divided amongft the two bodies ; fo that the 
greater is the quantity, of it which is commiunicated 
' to the one, the fmdler muft be the quantity of it 
which is communicated to the other; alfo each of 
thofe quantities muft' be lefs than the whole origi* 
Hal force of the body A ; otherwife there would be 
an accumulation of force without any adequate 
caufe, which is not poffible. 

\The force is not pnly divided amongft the two 
bodies K and L^ but it is divided in the .proportion 
of the lines BA to DA, which is eafily proved 
thus : Since any force may be refolved into two or 
niore forces, therefore if we divide the force repre- 
fented by the line AC into two forces^ fuch as that 
one of them cannot poffibiy a<ft upon the body K, 
whilft the other a<9:s diredly againft it, >ve fliall by 
that means determine the queftion. Draw AD 
parallel to the furface of the body K at the point 
ofcongrefs; from C drop C D perpendicular to* 
AD, and through the point of congrefs draw A B 
parallel to D C, which A B being perpendicular to 
AD, muftlikewife'be perpendicular to the body 
Kat the point of congrefs. Thus the force A C 
isrefolved into the two forces A D and DC,, or 
A B ; the former of which cannot have any aAion 
upon the body K, whilft the litter ads entirely 
upon it. For inftapce, imagine that inftead of a 
body moving from C towards A, two bodies move 
towards that point, viz. one in tlic diredion D A * 
ind the other in tlie diredtion B A, and it is evident 

, ' that 
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that of thofc two powers, the one in the diredHon 
B A will aft entirely and direftly upon the body 
K, whiift the other in the direction D A paflcs by 
it, and of courfe dannot afieft it. 

fey the like reafoning it is proved, that when th^ 
force reprefcntcd by C A is refolved into two other 
forces, viz. A B, which is parallel to the furface of. 
the body L at the point of congrefs, and BC, 'or 
its equal AD, which is perpendicular to it,the latter 
only will aft jupbn the body L ; therefore the .force 
which afts upon the body K is reprefented by A B, 
Qrits equal DC; and the force whtcl^ afts upon the 
body L is reprefented by the line A D, or its j^qual 
BC; and thofe two forces are equivalent to the 
force AC#, 

The inclination of the direftion of the ftroke 
to the body K, or to the line A D, which is paral-^ 
lei to the furface of it at the point of congrefs,- is 
reprefented by the angle D A C ; and the inclina'' 
tion of the ftroke to the body L, or to the line 
A B, is reprefented by the angle CAB. Now (by 
trigonometry) when A C is made radius, D C, or its 
equal A B, becomes the fine of the angle of incli- 
nation DAC; and BC, or its equal AD, be* 
comes the fine of the angle of inclination BAC; 
therefore the effeii of the oblique fone C A, is to the 
effeSl that would be produced by the fame force com' 
ing in a perpendicular direElion^ as the fine of the angle 
of inclination is to radius ; which is a general and 
ufeful law in the computation of oblique im- 

pulfes. 

In 
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In tlie pi-efcnt inftaiice the proportion of the ob* 
liquc force C A to move the body K, is to that of 
the fame force coming in a perpendicular diredion, 
as the fine D G is to radius AC ; an4 for the body 
1« it is as the line B G to radius AC. 

If in the iabove^-mentiohed cafe we imagine that 
one of the bodies be removed, wbilft the other is 
fixed, we fhall then' form the cafe refwrefented by 
fig. I. Plate III. in which the body A, moving in 
the diredion A C, ftrikes obliquely at C on the 
firm obflacie B F ; where it is plain that the niag* 
i)itude of the oblique ilroke is to the magnitude of 
the fame (broke if it had come in a direction per-^ 
]pendicular to the obOiacle, as the fine of inciioa-^ 
jtion, or of inudencey (viz^ as the perpendicular A B) 
is to the radius AC. 

^ a body perfeQly el^k as A, fig. i. Plate III. 
firike §bliquely at C on ihefirm obftacle B F, then after 
thefiroke this body will be tefleiiedfrom that obftacle in 
the dire£lion G E, infuch a manner as to form the angle 
of refleSien E C F^ equal to the angle of incidence 
ACB. 

. Tl)£ oblique force AC being refolved into two 
forces, VIZ. D C perpendicular to t}ie obftacle and 
A D parallel to it \ the efFeft on the plain is the 
lame as if the body had advanced towards it di- 
rectly from P, and according to the laws of con- 
grcfs between perfeiftly elaftic bodies, (chap, vii.) 
the body A after the ftroke would be fent back in 
the dire£kion C D. But of the two forces into 
VOL. I. K . which 
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which the driginal force df the body A was fefolVed, 
this body retains' the oile reprefented by A D, fincc 
• this force was not concerned in ftriking the pb- 
ftacle ; therefore after the ftroke the body A is ac- 
tuated by two forces, \\t. one reprefented by C D, 
ecjuai to A B, equal to E F ; and the other repre- 
fented by C F* equal to 'DA, equal to D E, hence 
it muft move in the diagonal C E ; and fince the 
lines C F, F E, are refpeftively equal to the lines 
CB, B A, and the angles at B and F are equal, be- 
caufe they are right-angles ; therefore (EucI, p. iv. 
B. I.) the triangle EFC is in every refpedt equal io 
the triangle ACB ; confequenlly the angle of re- 
flexion ECF is equal to the angle of incidence 
ACB. 

Some writers call the angle ACD the angle of 
incidence, and the angle DCE the angle of reflec- 
tion J viz. the angles made by the body with the 
perpendicular DC ; this howeyer does not alter the 
propofition, for the angle ACD is likewife equal to 
the angle DCE j thofe angles being * the comple- 
ments of the equal angles ACB, ECF, to two 
right angles. 

In any cafe, whenever two bodies ftrike obliquely 
againfl each other, whether one or both be in mo- 
tion, their direftions, velocities, and momentums 
after the llroke may be eafily determined from what 
ha^ been explained in the laft paragraphs, together 
with what has been delivered concerning the diredt 
impad of claftic and non-elaftic bodies in Chap. 

VIL 
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VII. And the following example will (hew the ap- 
plication. 

Imag;ine that two non-elaflic bodies, A and B 
fig. 2. Plate III. moving, the fornier in the direc- 
tion AC J the latter in the direftion BD, do meet 
at CD* Let the line MG be drawn through their 
centres and the point of contadt* From the ori- 
ginal fituations of thofe bodies, viz. from A and 
B,drop AM and BN perpendicular on MG. Then 
the force of each body may be rcfolved into two 
forces, viz, that of A into AM, and MC^ and 
that of B into BN and ND. 

Of its ' two forces, A retains the force AM, 
whijifl: the force MC is exerted againft the other 
body. Of the two forces belonging to the body B, 
the force BN is retained by it, whilft the force 
ND is exerted againft the. other body. Therefore 
the aftion of thofe bodies upon each other is cx^ 
adly the fame as if they moved direftLy one from 
M and the oth6r from N; hence whether they 
would, after the ftroke, proceed both the fame 
way, or different ways, and at what rate, muft be 
determined by the rules of direfl impadt (chapvii.) 
But when their velocities have been thus deter- 
mined V for inftance, it be found that if the bodies 
had moved diredly from M and N, after the ftroke 
the body A would have moved as far as O, whilft 
the body B would have moved as far as G. Then 
it muft be recollefted, that, in the prefent cafe of 
oblique collifion, the body A has retained the force 

K 2 AM; 
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A M ; therefore after the fttoke the body A is 
aAuated by two forces, viz. one equal and pa* 
rallel'to AM, and another fotce, which b equal and 

' parallel to C O ; in confequencc of which this 
body mult run a cdmpound courfe, which is 
found thus : Through the centre C draw C I equal 
and parallel to A M ; through I draw I £ equal and 
parallel to C O ; then the diagonal C £ ezhibitS'the 
velocity and the diretftion of the body A after the 
bblique conoxrle. 

"V^^th refpeft to the body B, it has been laid that 
at the concurfe this body retains the force B N, 
and that, if the bodies had moved dircftly towards 
each other, B would, after the ftr oke, have moved 
from D to G. Thereibre through D draw t)H 
equal and parallel to BN, and through H draw 
HF equal and parallel to DG ; and laftly, the dia- 
gonal DF will reprefent the velocity and the direc* 
tion of the body B after the oblique concurfe. 
This is the cafe when the bodies are pferfeftly 

* hard or rion-elaftic. But if they be perfeftly elaf- 
tic, then fuppofe it be found by the rules for elaftic 
bodies that, after the fuppofed direft concurfe, th^ 
body A would have been fent back to Q in the 
fame time that B would have been fent back to R* 
Then after the oblique ftroke the body A will be 
aduated by two forces, viz. one eqiial and parallel 
to A M; and the other equal and parallel to CO : 
And the body B will likewife be aftuated by two 
forces, viz. one equal and parallel tb^ BN, and the 
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other equal and parallel to DR. Therefore in fig. 
3, through Q draw QZ equal and parallel to AM, 
alfo through Z draw IZ equal and parallel to CQ ; 
then the diagonal CZ reprefents the diredion and 
velocity of the elaftic body A ^fter the oblique con- 
curfe. . 

Again through R draw the line RX equal and 
parallel te. BN, and through X dra^ the line XY 
equal and parallel to DR,'tben the diagonal DX 
mil reprefcnt the velocity and direftion of the elafr 
tic body B after tl|e oblique concurfe.. 

l^ (bprt, the cafes reprefented in fig. 2, and fig, 3, 
differ Qnly in this, naniely, that the bodies are fup- 
pofed to be perfcdly bard in the former, but per- 
fectly elaftic in the latter. 

We might now proceed to exanjijne the particu- 
laFS relative tp the congrefs of three or more bor ' 
dies, as alfo of bodies of different fliapes, forhither-^ 
to we have fuppofed the bodies to be quite fplieii* 
caJ, &c. but this we (hall omit, firft, bepaufe the 
reader may, by a little exertion of his ingenuity, 

eafily derivp it from wh^ Jias beei> alfieady ex- 

* 

plained; and fecondly, becaufe the particular ex- 
amination of all the branches of compound motion 
would fwell the fi?e of the wprk^ far beyond the 
limits of an elementary book *• . 



VT" 



* For further information relative to dus fubjeA, the 
reader may confuU the .2d book of s'GraveO0i4l^8 Mat 
^lem. of Nat, Phil, edited by Defaguliers* 



K 



J 3^ Of Ctirviiinea^ Motms. 



CHAPTER IX. 

or CURVILINEAR MOtIoNS. 

/ 

HITHERTO we' have confidered the com-, 
r pound motion which arifes from fimple im- 
pulfes, or fuch as produce equable motion. It will- 
now be ncceflary to apply the above-mentioned 
rules to the cafes of that fort of compound mo- 
tion, which arifes from the joint aftion of a fimple 
and of an accelerStive or continuate force ; in which 
cafe it will be found^'that the body will defcribe not 
a ftraight courfe, as when it is impelled by fimple 
impulfes, but it wilf defcribe curve lines, which 
differ according as the proportion of the forces dif- 
fers ; excepting however when the forces aft in the 
fame cjircdion, or direftly oppofite to each other, 
in which two cafes, the motion of the body wiH 
always be redilinear, 

Imagin6^that the body A, fig. 4. Plate III. is 
impelled from A towards H, with fuch a force as 
by itfclf would enable it to. run over the equal 
fpaces AB, BF, FG, &c. in equal portions of time; 
for inftance, each of thofe diftances in one minute. 
Imagine likewife that an attractive (confequently, 
an accelerative) force, continually draws the fame 
body A towards the centre C, in fuch a mannej 
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as by itfelf would enable it to run over the un- 
. equal fpaces AI, IK, KL, LM, in equal portions of 
time, VIZ. a minute each. - 

Novfy the joint aftion of both thofe forces, muft 
compel the body A to run the compound and cur- 
vilinear courfe A NO P, &c. — Through B draw the 
line B C, that is, in the direction of the centre of 
attraftion ;— through I draw I N parallel to A B ; 

r 

and it is evident, from what has been faid above, 
that at the end of the firft minute the body will 
be found at N. Now if at this period the attrac- 
tive force ceafed to aft, the body would run on in 
the direftion NR, by the firft law of motion. 
But fince the attradlive force continues to aft, the 
body at the end of the fecond minute will be found 
at O ; foY the like reafon, at the end of the third 
minute it will be found at P, and fo on. The courfe 
then ANOP is not ftraight 5 but it . confifts of the 
lines AN, NO, OP, &c. forming certain angles 
with each other, 

• If inftead of finding the place of the body at tlie 
end of every minute, we had determined its place, 
at the end of every half minute; then each of thofe 
lines AN, l^O, &c. would have been refolved into 
two lines containing an angle. And in the fame 
manner, if we had determined the fituation of the 
body at the end of every thoufandth part of a mi* 
.nute, each of the lines AN, NO, &c. would have 
Ipccn refolved into a thoufand lineis inclined to each 

K4 Ptheri 
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CHAPTER IX. 

or CURVILINEAR MOtIoNS. 

# 1 / 

/ 

HITHERTO we' have confidered the com^ 
r pound motion which arifes from fimple im- 
pulfes, or fuch as produce equable motion. It will- 
now be ncceflary to apply the above-mentioned 
rules to the cafes pf that fort of compound mo- 
tion, which arifes from the joint aftion of a fimple 
and of an accelerftive or continuate force ; in which 
cafe it will be found^'that the body will defcribe not 
a ftraight courfe, as when it is impelled by fimple 
impulfes, but it will defcribe curve lines, which 
differ according as the proportion of the forces dif- 
fers ; excepting however when the forces aft in the 
fame cjiredion, or direftly oppofite to each other, 
in which two cafes, the motion of the body wi^ 
always be redilinear, 

Imagin6^that the body A, fig. 4. Plate III. is 
impelled from A towards H, with fuch a force as 
by itfclf would enable it to. run oyer the equal 
fpaces AB, BF, FG, &c. In equal portions of time; 
forinftance, each of thofe diiftances in one minute. 
Imagine likewife that an attractive (confequentlyt 
an accelerative) force, continually draws the fame 
body A towards the centre C, in fuch a manner 



Of Curvilinear Motions. i^J 

In fig. 4» the centre of attraS:ipa C> has been 
placed not very fer from the direction AH of the 
equable force. But when this centre is Tery ^ 
fr6m it, the right lines CB, CF, CG, &c. will be- 
come nearly parallel, and in many cafes, they may 
without error, be confidered as being actually pa^ 
rallel. 

A cafe of this fort is rcprefented in fig. 7. Plate 
IIL where the centre of attraftion is fo remote from 
AG, that the right lines BC, FC, GC, &c. which 
proceed from it, are not to be diftinguifhed from 
parallel lines. In this cafe, if the fpaces AI, AK, AL, 
&c. be as the fquares of the times, viz, as the 
fquarcs of one minute, of two minutes, of three mi- 
nutes, &c. ; whilft the fpaces AB, AF, AG, &c. cw 
their equils I N, KO, LP> &c. be fimply as the 
times, then the curve or path of the body,' ANOP, 
is a fort of curve called a parabola^ which is mor^ 
or lefs open according as the p,roje6tile or equable 
force is more or lefs powerful. And fuch is the 
path which is defcribed, by all bodies that arepro- 
jefted obliquely near the furface of the earth, . viz. 
cannon balls, ftones thrown by the hand or other 
engine, and in (hort by all forts of projeftiles ; ex- 
cepting however that deviation from the parabolic 
curvature, which is occafioned by the refiftance of 
the air ; and which in certain cafes is very conSder- 
^ble. For near the furface of the earth, the fpaces 
defcribed by defcending bodies, ve as th^ fquares 

of 
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of the times, (according td what has been fliewrvin 
Chap, V.) and the centre of attradlion is about 
4000 miles below the furface. ( i .) 



^ ^ The 
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(i.) The admirable <i(xKrine of curalincar motion de- 
ferves the greatefl: attention of the philofopher, fince it 
unfolds the grandeft phenomena of nature. It compre- 
hends almofi all the movements which take place in the 
world. It meafures and afcertains every particular relative 
to the motions of co^Ieftialbodies* — It leads the human mind, 
through fafe paths, to the invefligation and knowledge of 
the moft complicated appearances, and the moft abftrufe 
fubje£ls. I (hall, therefore, in this place endeavour to 
explain this doflrine in as concife and comprehenfive a 
msginer, as the hature of the fubjei^^ and the limits of tt^e 
work) may feem to allowt 

Of Equable Motion in-Circular Orbits, 

A centripetal forci^ in its full meaning, is that whereby 
a body in motion is continually d'Kawn from its ;;e£lilinear 
courfe, towards fome centre. This force may likewife be 
the adion of a ftring holding the body ; or it may be its 
coherence with another revolving body, or it may be the ^ 
gravitating power, &c. 

h centrifugal force is the re-aftion or refiftance, which 
a moving body exerts to prevent its being turned out of 
its way, and whereby it endeavours to continue its motion 
in the fame direction ; and as re-aftion is al\vays equal and 
contrary to aftion, fo is the centrifugal to the centri- 
petal force. The ceiitrifugal force arifcs from the inertia 
of matter ; for the body that moves round a Centre, would 
fly t)ff in the diredlion of the laft moment, or laft particle 

of 
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Tbe paths of bodies that move round a centre of 
attraftion, arc poffefled of feveral remarkable pro* 

pertiesj 
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of its curvilinear courfe, viz. iti a tangent to the curve, 
^?ircrc the aSton of the centripetal force to be fufpended« 
The equality of the two forces, viz, of the centripetal . ia 
oppofition to the centrifugal force, may he more eafily con- 
ceived, by imagining that a revolving bodjr is detained 
"Within its circular orbit by a firing ; for this firing mufi: 
equally endeavour to draw tlK body towards the centre of 
attradion, and the centre of attra£lidn towards the body. 

Since the centripetal force is proportionate to the fpace 
which the body defcribes in a given time by the zSCion of 
that force, it is evident that the centripetal as well as the 
centrifugal force, may be reprefented by the nafcent lines 
BC, *r^ fig- 8. Plate III. for whilfl the body deftribcs the 
infinitely fmall tangent AB, the fpace which the centric 
petal force compels it to pafs through in the fame time, is 
equal to BC* 

N, B. The lines BC, h Cy as well as AB, A ^, are drawn 
fo large, merely for the fake of illuftration} whereas by 
nafcentor evanafcent lines, we mean lines of the fame na- 
ture, but indefinitely fmall, and near the point A..— ^Thc 
fame thing muft be underfl:o6d of other lines or quantities, 
which are nafcent or evanef<;ent in the following propofi"> 
tionSf 

Propofition I. In a very fmall arch ^ ihijine^ the tangent^ 
the chords qnd the arch itfilfy are to each other nearly in the 
vratio pf equality. 

The right-angled triangles ABE, and ACD9 fig< 9$ . 
Plate III. arc fimilar ; therefore, AE ; AD : ; BE: CD, 
when the arch BFD, or angle BAD becomes very fmall, 

or 
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parties ; th^t is their periods, their velocities, ticir 
diAtj^ces from the centre of attradion, &c. follow 
certain invariable laws, the knowledge of which is 
exceedingly ufcfuj ip the inveftigation of natural 

pheno{ne|i$, 

•r fmalief than any given quantity, the point £ will* ap« 
preach the point D indefinitely near; fe that the difference^ 
|)etween A£ ^ AD will almoft viucvifh, and of courfq 
the difference between BE (the fine) and CD (the tan- 
gent) will likewiCs nearly vanifh ; viz. the fine and the 
tangent will become neariy equal* And Ance the chor4 
BDt and the arch QFD, are each of them longer than the 
j^ne, and (horter than the tangent ; thereforie in very fmail 
arches, die fine, the tangent, the chprd, and the ^rcfa itfelf^ 
are nearly equal. 

Prop. 11. In a circk the evanefcnU^ 9r infinitely fm^tU fuh^ 
Unfei ef the angle ofc^nta^l^ are as the fiuares ef the co»- 
terminal arches, 

lA fig. 8. Plate III. BC, and he drawn perpendicular to 
<he tangent Ab^ are the fubtenibs of the angle of contadl 
hhc^ made by th« tangent A,^, and the circumference 
*ACD J which fiibtenfes muft be imagined to be very near 
the point A ^ in whieh c^ wp ihall prove them to be to 
«ach other as the fquares of the conterminal arches AC^ 
A r. 

In confequenceof the parallelifm of the lines AD, BC, 

i r, and of A ^, mCync\ the line BC is equal tp Am^ 

and bcis equal to An. (By EucL p. 8. B. VI.) AD : AC 

: : AC : Ajn ; and AD : A ^ : : A r : A « j therefore AD 

X A wr= AC]* ; and AD x A» =/i7i|V Hence we have 

M^'' : aTI* ; : Am xAD:A« xAD::A«»:A»:: 
B C : fe. 

• Here 
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plienotnefta, Thofe laws will be found mathema* 
lically deduced from a few well eftabiiChcd princi* 

plesj 
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Here AiC j A r, may be taken for the arches as well as 
for tb^ chords which fubtehd thofe arches ; filacer by the 
preceding propofition, they are nearly equal. 

Cordiory. Sin^e AD i AC ; : AC r A ^ (= B C) ; 

we have BC = fl^. 

Prop. III.. Ih thefirjl or nafceMjlati of circular m9ti9n\ 
the projiiliUfirct infinitely exeenls the centripetal farce. 

in figw 10. Plate III« the dtcle ACD reprtfents the 
erbit of the body A, moving equably along the faid ,cir» 
cumference ; viz. the body A h impelled by a projedile 
force, in the direction AB perpendicular to AN, and is 
at the fame time conftantly z&td upon, by ah attra£li\^e 
fotce in the direSion towards the centre N ; thofe two 
forces being fo adjufted, or being in fuch proportion to 
each other, as to keep the body in the circular orbit 
ACD A. 

In the very fmall arch AC, the line AB is to the line 
A «i ( = BC) as the force of projecftion is to the attractive, 
or Centripetal, force, at the diftancc A N^ for whilft A B 
reprefents the equable movement which arifes from the 
projeftile force in a certain time, EC reprefents the devia- 
tion from that courfe, or the force whereby the body is 
drawn towards the centre of attradlion in the fame. time. 

Now, by the preceding propofitionBC ( zzAm) : AC : : 
AC : AD 5 and when the arch AC becomes extremely 
fmall, or is in its nafcent ftate, then the diameter A D be- 
comes infinitely greater than AC ; and of coutfe AC, or 
AB (which by p. i. is nearly equalto it) becomes infinitely 

greater 
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pics, in the note immediately under this paragraph. 
But the principal of them will be proved experi- 
mentally in the fequel.- For the prefent, the 

. reader 



ft i ■ 1 ■ I [ ■■! i ■ I * »■% 



greater than BC, or Am ; viz. the projedile force infinitely 
greater than the central forces 

In order to compare, and to demonftrate with more ex- 
peditton> the proportions relative to the velocities^ the 
forces, &c. of bodies'revolving equably in different circu^ 
lar orbits, as ACD. and ILO, fig. lO, it will be ufeful to 
fubftitute letters inftead of thofe particu!ars> and whilft the 
capita] letters are applied to the body A moving in the cir- 
cular orbit ACD> the fmall letters o^ the fame namewillde** 
note the fame things with refped to the body I moving in 
<he circular orbit I L O. Therefore let 

F^yj ftand for the central yir^/x* 

V, v^ for the circular velocities, or for any arches A C> 
IL; fincenn equable motions the fpaces pafied over in a 
given time are as the velocities* 

T, /, ftand for the periodical tinns. 

Dy dy for the diameters, and 

P, py for the peripheries or circular orbits* 

The meanings of thofe letters will be eafily remembere^^ 
(ince they are the initials of what they are meant to repre- 
fcnt. • 

Prop. IV. The central forces are as the fquares of the 
velocities direSlly^ and as the diameters inverfely* ■ 

By the fubftitution of the above-mentioned letters, the 

equation of the corollary to prop. 2d. becomes F = j ' — 



or 



f-=z^\ hence F :/:;— : ^ 
a U 



Prop. 



f 
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Trader would do well if he fixed in his mind two of 
thofe laws, which are as follows^ and whole ufc 'is - 
very extcnfive. . ♦ 

ift. 
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Prop, V. In diffennt circular erbit's the central farces are 
OS the diameters direSllj^ and as the fquares ef the periodical 
times inverfely* 

In equable motions the velocity is exprefled by the quo* 
tient of the fpace divicicd by the time; and in circular 

ipotion the periphery is the fpace j hence V =: --. Since, 

by p. iv. F =i ^' ; we have FD =: V% and FD\f =: V 

P" - 

= — 5 therefore fHlf X T = P j and PDT* = P\ Eut 

the periphery of any <:irck is equal to 3,1416 multr^Hied 
by the diame ter ; therefore P* t= 3,1416]* x D* nFDT*; 
and 3,14161* X D =:-FT *j hence v^e have the force F = 
3,i4i6rxD f^^,^j^^ circular orbit ACD % 10, and/= 

3^'^'^'.^ for any othcj circular orbit as I LO ; there- 

Imt ¥-/: : 3^'4Jfa''D : 3w4i6r^ D . £ 

Prop. VI. ff^en the revolving bodies defcrtie equal areas 
in equal timeSi then the central forces are as the cubes of the 
diameters. 

In this cafe the area is reprefented by VD, which being 
equal to the otjier area v dj we have V ; ^♦. : : d : D, and V* 

, -^^ : : rf*: D*, But (by prop. IV.) F ;/: : — : ^— ; hence 
R : 5L: : V </: w* D ; therefore ? :f: : d" d : D»D : : 

Pjrop. 



, \ 
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ift. IVhen bodied reti&ive in equal ciules^ the cen* 

- iral forces are as thefptares of the velocities \ or a 

double projeElile force balances a duadruple force of 

centripetal 
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Prop. VIL, When thepiricdical timis are equals the cen^ 
tralfircis ari as the radiij viz* as. the Hfiantis from the 
centre of attraffiortj and vice verfa. 

Whctt T =: ^ the analogy of Prop* V. (vfe. F :/: : 
. ,': S jbecoinesF :/: : D: ^/:t— : ^ (vit. as the 

1 * /* > . 2 3 

l*adii)j the converfe of this propofition is alfo evident^ 
viz, that when F :/: : D 1 4 ^e periodical times mud be 
equal. 

Prop* VIII. fThen the diameters are eqUal^ the central 

forces ar$4isthe fqnarts of the velocities. 

V* V* 
For (by Prop. IVi) F:/::.~: -Lj therefore when 

u d 

T> zz dy this analogy becomes F i/: : V* : ^* j viz. when 
the circles are equals or in the fame circle, the foiccs are 
as the fquares of the velocities. 

Prop. IX."^ JVhen the diameters^ or dijiances^ and of 
courfe the circles ^ are ejuafy the central forces are inverfelj 
as the fquares of the periodical times. 

Since in that cafe the analogy of Prop. V. (viz. F :/: : 

R^ ': i. )becomes F :/: : JL : 1 : : t* : T*. 

Prop. X. Tt'lnn the diameters are equal^ the periodical 

times are inverfely as the velocities. 

P * 

It appears from Prop. V. that V \ v : : — : i : : 

-- : — (fmcc the diameters of circles bear to each other the 
T / 

fame 
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centripetal attraSion^ For iiiftance, if a body, which , 
is impelled with a certain vdocity, and is attraifted 
> . ' with 

iameproportionas their peripheries). Now when D = ^,theii^ 
the preceding analogy becomes V: t/::— ^ v-^S orT : ^ 

t:v:V ' 

■Pvof. ^ll.When the vJofiities are iqualy thefircezafe in* 

verfelyy as the diameters. 

For in thatcafe> the analogy of p. ^ IV, (viz. F :y*: ; . 

--. : !L ) becomes F :/: ; -i :,— 5 orF:/: :^:D^ ' 
u dJ D ^ / 

Prop. XII. • JVhen the velocities are equal, the periodical 
times are as the diameters y, cr as the peripheries^ u/hicb is 
the fame thing. * 

By -prop. V. V : v : :_, : jl ; and when V zz Vy theti 

a; = il, or P / =. ^ T^ wheoce we have T : r :: P : ^ : ;. 
D.J. 

Prop. XIII. When the central forces are equaty the perio-* 
dical times are as thefquare roots of the diftanceSy or of iht^ 
diameters, / . 

1 

r> d 

In prop. V. it hisb^ehfliewn that YifxizL : — . Now 
when F =/i then .£. r= J^; or D /» = rf T* which 
gives the analogy T* : ^* ::D :</i and of courfe T;^;.: 

Prop, XIV. When the central forces are equaly thefqUares 
of the velocities areas the difiances\ and the periodical times 
are as the velocities.^ 

By prop: IV. F :/: : -^ : '^i and when F =t /;" 
. 'tOL. I, 1. then 
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m 

With a certain central force, defcribe a circle round 
the centre of attraftion; then if the velocity be 
doubled, or tripled, the attraftive force muft be 

four 



then = — and V* ^/ =: «;* D ; which gives the 

analogy V* : v* : : D : d:'. i- : — (the diftances being 

I 
the halves of the diameters). Alfo by p. XIII. T : / : : D^ 

• d'^y and by the laft analogyj^ Y iv\\T>^ \ d^ y there- 
fore T : / 1 : V : «;. 

Prop. XV. When the central farces are inperfely as the 

fquares of the diameters^ or of the dijlanch ; then the fquares 

of'the periodical times are as the cubes of the difiances. 

} Imagine the central forces to be as fome power, m^ of the 

diftances ; viz. F :/: : D« : ^"*. Now by prop. V. F :f: : 

R^: £} therefore D"" id'^::— : —: : D /»: ^T»; 

and ^ : f[r : : ^» : T* ; or D*"-' : d'^"' : : /* : T^ and 
D d 

D^ZlV: ^,^Il3::/:T5henceDi=:^; diZlHiiT 

'22 2 2 

Now when the forces are equal then the power, w, va- 
niflies, or »i == o, and then the laft analogy becomes D * : 
d * ::T: /, which is the fame thing as was fliewn in prop, XIII. 
When the forces are as the diftances, then m is the firft 
power, or m zi i, and in that cafe the above-mentioned 
analogy becomes D* : ^/** : : i : i : : T : /, and of courfe 
T =: /, virhichis the cafe of prop, VII. — Laftly, when the 
forces are inyerfely as the fquares of the diftances, then m 
^= — 2 and the above-mentioned analogy, beconies D^ : 

di::T:ti or D' :</«:: T* ;/*; or ~: ^::T^:t\ 

" 2 2 

Th9 
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four or nine times as ftrong as it was before, in or- 
der to let the body move in the, fame circle. 

2d. ff^Aen bodies move in unequal circular orbits^ 

fo 

The planets of oiir folar fyftem follow this grind law of 
nature. The fquares of their periodical times are as the 
cube^ of their diftances from the common centre of attrac- 
tion, which is v-cry near the centre of the fun, as will be ihewn 
hereafter; and thusNewton*s hypothelis of mutual and uni^ 
verfal attraftion amongft thebodiesof the univerfe isfhewn 
to be foconfonant with the ftri6):eft mathematical reafbning, 
and with all the appearances, that hone but the ignorant 
can refufe their aflent to it. 

Thi,s dodrine of circular movements, which I have ex- 
hibited in 15 propofitions, might have been cqndenfed into 
a narrower compafs, had not my principal objecSi: been to 
render the comprehenfion of it eafy to the reader j 1 haVe 
been taught by experience, that in many inftances it is far 
more- laborious to deduce every particular cafe from orie 
comprehenfive propofition, than to read a particular propo- 
fition for every fingle cafe* > 

Having, in th^ preceding propofitions, ftated the pro- 
portions between the forces, the velocities, and the peri- 
odical times, of bodies that revolve in circular ot-bits ; it 
is now neceflary to render thofe propofitions pra6lically 
ufeful, by (hewing in what manner they may be employed 
for the determination of any particular cafe; fince it has 
already been remarked, that the knowledge of the propor- 
tion which certain things bear to each other, will not en- 
able us to determine any abfolutc quantity, unlefs fomeof 
the particulars be prcvioufly determined by mcansof ac- 
tual experiments. 

La Therefore 
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-fg tfTat the f quarts- of the times of their revolutions are 
as the cubes of their dijlances from the centres of thofe 
circles^ then the central forces are inverfely as the 
fquares of the dijlances \ and vice verfa. 

The 



Therefore in order to render the expreflions of the mea- 
fiires of the above-mentioned forces, velocities, &c. more 
eafy and concife, we fhall endeavour to mvolve in them 
only.one unknown quantity, vi^, a certain power of the 
radius or diftance of the revolving body from the centre, of 
attraSion j for when this quantity becomes known either 
(rom experiments or by deduction from other known 
' quantities, vve may thereby eafily determine all the other 
particulars. 

I. The attrafHve force is meafured by the velocity 
which m^y be uniformly generated in a given time, which 
time we fhall call one, (meaning one fecond, or one mi- 
nute, or, in fhort, the unity of any other divifion of time 
that may be ufed in the computation,) ^nd ifhall exprefs 
this force or velocity by r», (viz. aji indeterminate powei: 
n of the radius r of the orbit). 

II. It has been (hewn in page 67, that a body, which 
begins to move from reft and proceeds towards a centre 
of attraiftion, will at the end of any given time ac- 
quire fuch veloqity as would enable it to move equably 
through twice that fpace in an equal portion of time, if 
the acSion of the attraftive force were fufpended. There- 
fore the diftance through which a body will defcend to- 
wards the centre of attraftion in the above-mentioned 
time one, is | r». 

III. Hence if A C fig. ib, Plate III. be an arch defcribed 
in a certain time T, the diftance Am, w.Rich the'bodj' 
• •• ' •» • - '• ' weuU 



\ 
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\The foregoing theory of curvilinear motion is 
very extenfive, fince it applies to a great variety of 
terreftri^l as well as celeftial phenomena. But in 

the 






would defcend through towards the Qentre of attra£^Ion N in 

- r " T * 
die lame time, will be ^z I 5 for fince the fpaces. 



1* 



^hich are thus defcended, as the fquares 6i the time^, wc 

I r« T* 
bavei*:T*::|r«; l • 

IV» The part AC of the circumference, which is de* 

1 f ' 

fcribed-by the body in the time T, is =: 1. • fince in 



the circle A CD, we have AC]* = AD x Am (Eucl. 
p. 8. B, VI.)' = 2AN?<A/w=:ANx 2Aw=: 



TVr« 



1* 

Jll!±!; therefore AC = IlEBl = II^. ' 
1* II 

. V» The velocity with which the body moves in the c/r- 

ft -I- T 

clc is = r -il — i By prop. IV. the fquare of the velocity 

is as the produft of the diameter, or of the radius, multiplied 
by the ' force ; and according to the above-mentioned 
notation, (§. I.) the force Fs exprefledby r«; therefore thq 
fquare of the velocity is = rr" :=. r'«+i, and of Qourfc thi 

velocity itfelf is exprefled by r —1-1, 

2 

VI. The periodigsd time, or tin^ of a whole revolution, 

is = 2cr ^ {c being == 3,14.16^ &c. that is the cir-i 

^Hmference pf a.(eirclc whofe dianpieter is one.) For fince 
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the calculation of the particulars which relate to 
thofe phenomena, certain circumftances generally 

interfere, 



Tr 



1±I 
(by §. IV.) ^ is the part of the orbit which is de-* 

I 

Icrlbed in the time T, the part which is defcribed in the 

time I, muft evidently be r , . • Then, the fpaccs dc-^ 

fcribed with a uniform motion being as the times, it will 

be r /^ ,. \%rc izz the whole circumference) : : i ; 

I — » 
'%cr —7- • 



VIL The fpace through which the body muft defcend 
towards the centre of attra£Hon, in order to acquire a ve- 
locity equal to that with which it revolves, is equal to 
half the radius, viz, \ r. For in Chap. V. it has been 
fhewn, that the fp^ces defcribed by defcending bodies are, 
as the fquares of the times, or of the velocities^. It has 
alfo been fhewn (§.II.9^hat the velocity r" is acquired by 
a defcent through \ r\ At prefent we wifh to know how 
low a body muft defcend, to acquire a velocity equal to 

« 
jf -I- T 

r — Z — (§. v.) hencp we fay, as the fquare of r" is to 

2 ' 

the f(^u^re of r \ fo is | r* to a fourth proportional ; 

viz, r*' : r«+x : ; i r'' : iL — ^ = iJZ- = | r. 

I 

Thus we have expreflcd the meafurcs of the velocities, 
periodical titnes, &c. in a general yet firjiple manner. They 
may be applied to any attractive power, and to any pe- 
ripdical revolution \ the only quantity which needs be 

known,^ 
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interfere, which render the refult of the calcula- 
tions Tomewhat different from the obfervations ; 
that is, of the experiments. In terreftrial affairs, 

the 



•» ■ M 



known, being the value of r". But for the fake of illuf* 
tration, we fliall now apply it tp the force of terreftrial 
gravity ; in which cafe it is known, that a body near the 
furfacc of the earth, will defcend from reft 16,087 feet in 
the ixrft fecond of time, (which is the time i ) ; therefore; 
i r" = 16,087 feet, and r" = 32,I74, (§. II.) Hence by 
fobftituting thofe values for | r« and r« refpeflively, the 
above-mentioned meafures will be exprefted in known 
terms. ; 

Example i. The velocity of a body that revolves round th^ 

earth but near th? furface of it, is (by ^- V.) r "^ j which, 

_^ ^ 

by fubftituting, 3^,174 for r", becomes 32,i74r| |>; and this 
becomes (fince the femi-diametef or radius r of the earth is 

known to be nearly 21000000 feet) 32,174x210000091* 
£25993,3 feet per fecor\d \ (b that ^ body moving with 
that velocity, would revolve continually roun4 the earth \ 
that velocity being juft fufficient to balance the force of 
gravity ^ but this velocity is about 30 times as great as the 
initial velocity of a cannon ball. 

, N. B. No notice of the refiftance of the air has been 
taken in this example, or will be taken in t|ie following 
examples of this note. 

The periodical time of the fame body under the fame 

«lrcumftances, is (by §".VI.) %cr = Z( —il = 2 X 

3,1416 j< 1^^ = So87",s J Qf 1 hour, 24', 47",5. 

L 4 Example 
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the rcfiftance of the air is one of the principal job-, 
traders* The movements of the cdeleftial bodies 

are 



Example 2. By. prop. IX, when the dlftances are equal 
or in the fame circle, the central forces are inverfely as the 
fquares of the periodical times ; and, by the preceding ex- 
ampfe, the velocity which near the Surface of the earth is 
equivalent t6 gravity, is n 25993,3 feet per.fecond. 
Therefore, we fay as thefquare of.theearth*s diurnal ro- 
tation round its axis, is to the fquace of the periodical time 
©f the body mentioned in thj preceding example, (viz. of l^ 
^4'47", 5, or nearly %^)\ fo is the force of gravity (which we 
Ihall call i)to the centrifugal force of bodies near the equa* 
tor of the earth ; vi^. 2073600' (s: the fquare of 24 hours) 
;7225' : : I : 0,003485 25 the centrifugal force near ih^ 
equator ;• vi«. the force by which bodies that are near the 
equator, are attraded towards the centre, is to the force 
with which they endeavour to fly oiF, in confequence of the 
earth^s diurnal rotation round its axis, as i is to 0,003485^ 
or as 1000000 to 34851 viz. the former is almoft 30Q 
times more powerful than the latter* 

By this means we may determine th? centrifugal force 
of bodies in different latitudes ; for as the earth turns round 
its axis, it is evident that thpfe bodies on the furface of it, 
which lie nearer to the axis,,or, which is the faoie thing, are 
nearer to the poles, perform circles fmaller than thofe 
which He nearer to the equator ; though they are all per^ 
formed in the fame time, viz. 24 hours. Hence (by prop, 
y II.) the periodical times being equal, or the fame, the 
central forces are as the radii of the circles, and as in difv 
fererit latitudes the radii are equal to the cofpes of the la- 
titudes, tl^e^efore, as the radius is to ^Tie coline of a given 

latitude, 
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are generally inBuenced by. more than one centre of 

attraction. Thus the moon is attraded ' by .thu 

earth and likewife by the fun. The planets ^e 

. ' attraiSted 

latitude, (b is the centrifugal force of bodies fitnated attbo. 
l^quator, to the centrifugal force of bodies at that given la- 
titude. Now as the cofines grow ffiorter and fhorter, thq. 
nearer they come to the poles, fo the tendency of bodies t0 
fly ofFfrom the furface of the earth is greateft at the equatori 
but it diminifhes as you approach thQ poles j and hence we 
' fee why the earth has heen' found by means qf undoubted 
meafurements and other obfervations, to be an oblate fphe- 
roid, whofe polar diameter is the (horteft. And this fur- 
hiflies a Arong evidence of the earth's daily rotation about; 
itsiaxis* « 

Example 3, The mean diftance of the moon from the 
fcntrc of theeartb is, 12672000CO feet, or about '60 fsmi* 
diameters of the earth. Alfo the force of gravity at dif- 
ferent diftances, 4s inveriely as the Jquares of the diftances, 
and the radius of the earth is 21000000 feet 5 therefore, as 
the fquare of 1267200000, is to the fquare of 21000000^ 
fo is the force 4)f gravity at fhq furface of the earth, to the 
force of gravity at the diftance of the~moon, viz. 160579 
5840000000006 ; 441000000000000 : : I : 0,000274;; fo 
that the force of gravity at the furface of the earth, is to the 
force of gravity at the moon as i is to 0,000274; or as 
1006000 to 274. And fince near the earth failing bodiei 
pafs over 16,087 feet in^the firft fecond x>f time ^ therefore^ 
we fay, 1 000000 : 274 : : 16,687 : 0,0044 of a foot; whicli 
(hews that the moon, fliould its velocit)j ceafe at once, 
would fall towards the earth, and in ith6 firft fcco^dbf time 
^ould defeend .through not more - than rc^^g^ths of a foot. .. i 
; . Farther, 



\ 
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attraftcd by the fui>, and likewife by each other, 
&c. 

.Oh this account we might now extend our ex- 
amination to the cafes in which two or three, or 

more 

Farther, By prop. XV. when the central forces are in- 
verfely as the fquares of the diameters, then the cubes of 
the diftances are as the fquares of the periodical times. 
Therefore the diftancc of the body, which circulates' near 
the furface of the earth (Example i.) being one feniidiameter 
of the earth, and the diftance of the moon being 60 femi- 
diameters ; alfo the period of the former being 84',8 we 
may find the period of the latter by faying i* : 60]^ : : 84',8i*: 
^o the fquare of the moon's period ; viz. i : 216000 : ; 7191 
: 1553256000 ; the fquare root of which, viz. 3941 1%3 or 
ay days 8 hours 5i'j3> is the period of the moon's revoJu- 
tioir round her orbit, which is nearly equal to what the 
aftronomers reckon it, viz. 27* 7** 34'; and it would 
have come out exa£Uy like it, had the diftances been ftated 
with exadilefs ; and bad we likewife taken into the account 
certain circumftances, .which interfere with that period, 
which however we have purpofely avoided in this example, 
for the fake of brevity* 

Siqnilar calculations may be inftituted with refpe£t to all 
t:ie planets of our folar fyfteno, and the refult of the calcu- 
lations will be found to (roincide wonderfully well with the 
appearances ; which, as we have already remarked, is a 
ftrong' confirmation of the Newtonian theory of univerfal 
gravitation. 

. Example 4. Let a ball of one poijnd weight be fattened 
to a ftring 2 feet long, and be whirled about a centre fo as 
to defcribe each tevolution in half a fecpnd. In this caf;^ 

the 
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more centres of attraflion aft upon the fame body ;- 
but this inveftigation we fliall omit on two ac- 
counts, viz. firft, becaufe ths fubjedt is too intricate 

and 



the orbit or circumference of the circle is 4x3,1416 z^ 
12,^664. The velocity of the ball is 25,1328 feet per fe- 
cond. In order to determine the centrifugal force of the 
ball thus revolving, vi*. the force with which the firing is 
ftretched by it, compared with the force of gravity (which 

D 

is = i), we make ufe of d^e analogy of prop. V, (viz. ..-.; 

d 




-J. : : F :/) which, by fubftituting 2r for D ; 2 r r ^ 

forT*; 4 ford'y o'\2S ^or /*; arid i for F ; becomes 
, — - f == 2 r -J. 2rr__» ) ; — ; : i : / ==- . — 

^, , equal to _l!i^!?^==J22li =9,8 which is 
\rnf- 16,087x0,25 '4,02175 ^ 

the meafure of the central force of the body in queftion; 
this force therefore is to to the force of gravity as 9,8 to i ; 
fo that fince the body, weighs one"" pound .when quiefcentj 
viz. it ftretches the firing with the weight of one poun^ ; 
therefpre when, revolving according to the fuppofition, if 
will firetch the firing with the force of 9,8 pounds. 

Now this central force may be called centripetal or cen- 
trifugal, according as it is appflied to the tenacity of the 
parts of the firing, or to the force of the body \ fo thap the 
body is faid to be retained by a centripetal force 9,8 tioies 
as great as the force of terreftrial gravity; or it may be faid 
that the centrifugal force of the revolving body firetches^. 
(he firing as miich as if a' weight of 9,^ pounds were fimply 
fu^pended to it, 

0/ 
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and cxtcnfivc ; and fecondly, becaufe in moft na* 
tural phenomena, the difturbing caufe which arifes 
irom the action of a fecond or a third, or in ge-^ 

neral 

Of the motion of bodies about a centre of attractions but 
in curves differing from circles. 

It has been fufficiently (hewn that a certain determinate 
velocity is required to confine the movement qF a body in 
^ circular orbit round a centre of attraftion ; whence it 
fdlows, that with a greater or a lefler velocity bodies 
will move in curve lines different from circles, Thofe 
puryes appear to be the conic fe6lions ; and fince, ftri£lly 
fpeaking, the circle is likewife a conic fedion, therefore it 
may be copcluded^ that in general the movements of bodies 
round any centre of attradtion are performed in curves of 
fhe conic Jcjnd, provided the bodies do not., meet^ with any 
pbftrudling medium, or other attra^ion, in their way; for 
vnder fuch cirpumftances, their paths may degenerate into 
^irals, or other curves of a more intricate nature. 

The movements of the coeleftial bodies are not ftridUy 
circular^ though they do not deviate much from that figure j 
excepting however the comets which move either in very 
eccentric elipfes, or elfe in. parabolas or hyperbolas; an4 
therefore in the laft two cafes they can never return to the 
feme parts of the heavens ; but they muft continually recede 
from the common centre of attraction, which, in our folar 
fyftem, is not far from the centre of the fun. 

With refpeft to the thepry of circular movements, I hav^ 
endeavoured to demonftrate the principles, and to illuftrate 
the practical operations in a manner ilifficicntly extenfive; 
being perfuaded that if that branch of compoond motion be 
well uncjerftood, the reader (providfed he is acquainted with 

the 
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iticral of mote thin one centre of attiaftion, is not 
very confiderable ; yet iq the courfe of this work, 
the method of taking the above-mentioned cir- 

cumftanc^ 



the principal properties -of the conic fcftions) will eJiCly 
iromprehend what follows j I fliall therefore endeavaur to 
explain th^ nature of the niovenlents in Curves of the conk 
kind, in a manner more comprehenfive and concife. 
' In Fig. ii* Plate III. ACD rcprefentsa circular orbit^ 
A« S reprefents an elliptical orbit, A rE a parabolic, and 
AKF ^ hyperbolic orbit, of bodies moving with certain 
Velocities under the influence of the centre of attra6Hoit 
^, which is the centre of the circle, and the focus of the 
€onic fe<3ions. 

Let AB, perpendicular to AD^ reprefent the veloci^ 
which i$ necteflary to retain vhe body in the circular orbit, and 
let this vrfocity be called i ; for we fliall compare the othet: 
degrees of velocity with this unity. Alfo let a body be projefl- 
ed from A in the direftion AI with any other degree of Ve- 
locity ». If is now nec'eflary to determine the nature of the 
curve which will be defcribed with this other velocity n; 
or rather it is required to afcertain what the value of ^ 
muft be in order to produce each particular conic feSion. 

Draw wK parallel to A I," interfeflrng the cirdt as we!! 
as the other curves. Let AN be denoted by d\ the.femi- 
tranfverfe axis of any ;or the conic feSioas, by ^; the femi-^' 
conjugate, by ^; and Am (rzBCzzGzrzHriirlKl) by a*. 
Then the ordinate 7«C iril the circle will he = 2<afcr— a a^ f ^ 
but the ordinate OTZ of the ellipfis, and mK, of the hj.perbora 

toay be both reprcfentjed by — ><2axz^kx[h 

', ... ' - ■ -,- »- ■ • • -..■,.... 

, '. — ^ . 

,*» . ' ' The 
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ctimftanccs into the aceount, will in many cafes bt 
fufBciently pointed out. 

- It is however proper to obferve, that the vari- 
ous circumftances which obftrudt or influence the 

■ • movements 



The fluxions of thofe ordinates are /^. ^!^ and -* 

4 * I 

X--~-^;:==—^ which fluxions are to each other a(s the ve- 

locities in every pwnt of their refpeftive curves in the di- 
reSion AI; and in the like proportion are the quantities 

\ [ ^ ■ and — ^ ^ "*" ^ i thofe quantities being the 
above mentioi^ied fluxions divided by the fame quantity; 

>Tow when the point in the curve approaches the point 
A fo near as to coincide with it, then Am vanifhes, of 

\ ' d h 

jpiro J and the above expreflions become and — - X 

. ; fo that at the point A the velocity which retains the 



1 
body in the circular orbit, is to the velocity which retains the 

body in the ellipfis or the hyperbola, as Z.^ : f-. x ^ 

:: rf* :--.:: I : »j therefore «^* = -^ ; and nnd zz 

h b 

^ y or annd = bb. Whcfi x -=: d z=. AN, then 2y is the 

parameter, and (fince the parameter is a third proportional 
to the tranfverfe and conjugate diameters) 7,a\7.h\\ lb : 
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xtioveitients of bodies, are f^r from being all known, 
or fully underftood. Befides, even thofe that are 

known. 



2y^ota :b::b:yrz ^ = — X '2ax^:xx]z = — X 



zadz^dd\l ^2ab'-dzfb'd' 



a a 



^ J which equation being 



fquared, becomes r= — for the ellipfis. 



a a tf* 



^ , 2ah^d -{■ b'^d?- b^ c \.u v. i_ 1 a j t • 
and — — = -^ tor the hyperbola. And being 

divided by—, thoie expreffionS become 2 ad-^d^ = i* = 

snnd iox the eUipfis, and 2 <7 rf + ^ = i* = tf « « i, for 
tile hyperbola. Therefore 

the femi tranfverfeaxis is fl=: . 

in the ellipfis } 2— «* 

the fenaiconjugate axis is i == ^ 



2— «/;li 

the femitranfverfe is a-zz . . 

In the hyperbola -*( . «* — 2. 

the femiconjugate is b = ^ . 

««— 2^x 

, Having determined thofe values of the tranverfe and con- 
}ugate diameters, wherein n is the only indeterminate value, 
wq may, by making certain fubftitutions inftead of n^ afcer- 
tain what the value of n mud be in order to produce one 
•urve or another. * ' 

Thus by making « m, each of the above values be- 
comes equal to d-y therefore the two diameters becom^. 
equal to each other, the curve is of courfe a circl^. And 

in 
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t6a Of Curvilinear Motions^ 

known, are moftly flu^ating in the intenfity of' 
tiieir adionsi Much light has undoubtedly been 

thrown 



ill faQ the velocity which retains the revolving body in a 
circular cnrbrt^.has been called j, or unity. 

If we make n ="2] f , tb^n a s z= ■ zs-r-^ 

2 — nn 2 — X o 

which is* an algebraical expreflion of infinity. And all the 

other expreffions v^]\ likewife become infinite ; hence, the 

tranfverfe and conjugate diameters in -that cafe becoming 

infinite, the curve is the parabola. • 

' If we make n equal to a quantity lefs than the fquare root 

of 2 (viz. lefs than the fquare root of twice that velocity 

which is required to retain the body in a circufar orbit j) 

- ' d ' * nd 

tBeh die values and ^■■ . viz, of a and h^ will bflj 

2— «* 2-^i 



pofitive; 'whereas, by the fame fubftltution, the value 
. . becomes impoffible j which mews, th^t when n 



'y I 

W«^— 2 z 



is left than the fquare root of 2, the curve can only be the 
ellipfis. . 

Lafilyi if we make n equal to any thing greater than the" 
fquare rooj of 2 > then the Values of ^ and h for the hyper* 
boh become pofitive ; whereas thofe for the ellipfis become 
impoffible ; hence in this cafe the curve muft be the hyper-, 
bola.' / . 

We (hall conclude this fubjc£t with the following ge- 
neral propofition, which, together with its corollaries,' is ap- 
plicable to a variety of natural phenomena. 

" In all determinate orbits^ defcribed by bodies revolving with 
certain velocities in non refijiing mediums^ about a centre of 
attra^ion^ -thi areas^ which are difcribed by a Jlrciight line 

■' . • " connecting 
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thfowft oh thisfabjea by the ingenuity of fcientifie 
perfons during^the two lafl: centuries, yet agi*eatdeal 
ftill remains to be donC) and a vaft field of fpecu* 
lation offers itftlf to the induftfy of future philo* 
ropher5% 

til 



-M. 



tonne^lng the Venire of atiraSiioti and the reOdhing hiy^ lit 
in one invariable planty and are always proportional to the 
times in which they are defcrihed. 

Imagine the time to be divided into equal particles, and 
that a body movii)g round the centfe of attraSion N, fig. 
t'z, Plate III. runs over the (pace A B in the firft particle of 
time. It is evident that| were the body left fo • itfelf, it 
would proceed ftraight to H, defcribing BH, equal to A B^ 
in the fecond particle of time ; but at B imagine that the 
body receives a fingle infliantaneous impulfe from th6 centre 
of attr^n^ioh Kin the direflion BK, fu^cieht to change 
its difeflion from BH to BC. Through H draw CH pa^. 
^f I to BN) which will meet BC in C ; and, agreeably \p 
the la\vs of compound motion, at the end of the {econd 
particle df time^ the body will be found at C in the iame 
(Jan6 with the triangle ANB. Dralv the lines NCj 
Nff, and die triangle NBH will be equal to the triarigl«{ 
MBQ finc6 they ftand on the* fame bafeNB> and between 
the 6me parallels NB, CH (Eucl. p. 37, B* L) It will 
likewifebe ecjual to the triangle ABN, fince they have 
fcqiftd bafe^and the fatnc altitude (Eucl» p. i. B. VL) By 
Ae very fame mode of reafoning it may be proved, th^t, jf 
ths centripetal force a£t upon the body^at the end of each 
(uCcefllve particle of time, fo as to let dte body defcribe the 
fpacds CD, D£| ]E^F, &c. thofe fpaces will^l lie in the 
lame plane \ th^ triangles ANB, BNC, CND,DNE, &g» 

VOL. I, M will 



i6a * .Of Curvilinear MoHofi^^ 

In the prefent ftate of the world the improve 
ments of fcience feldom die withi individuals. The 
accumulation of knowledge by leading the under- 
ftanding, and by furnifliing tools to the fenfes, pro- 
motes the difcovery of farther truths, and the in- 

exhauftible 

. - •- • • ' * . ■ ^ , , — — ^ — . - . 

, , ■ ■ • 

will be all equal, and will be defcribed in equal times. Con- 
fequently two or three, or any number of them, will be de- 
fcribed iti two orthree^ or the like number of particles of 
time, viz. they are as the times. 

Now imagine that thofe triangles are infinitely increafed, 
iri niknber, and diminilhed in fize ; then the polygonal path 
ABCDEF, will become a continuate curve; for the con- 
ftant action of the centre of attraction will be continually 
drawing the body away from the direction of ttie tangent at 
Icvery point of the curve. And it is evident that the feSo- , 
ral areas of the faid curve, or number of infinitely fnoall 
triangles, muft be proportional to the times in which they 
are defcribed, and that the purve muil lie in one immove« 
able plain. 

Corollary i. The velocities in different parts of the orbit 
etre inverfely as the perpendiculars dropped from the centre of 
attraiiion on the tangents t^ the orbit at thofe parts or points. 
For fincc the velocities areas Ae bafes AB, BC, CD, ^c. 
of equal triangles, they mufl be inverfely as the heights of , 
thofe, triangles, (Eucl. p. 15, B. VI. and p. 38, B. I.) 
which are the fame as the perpendiculars dropped from the 
centre N, on the tangents to the orbit at thofe points. 

Corollary 2* The times in which equal parts ^ or arches of 

the orbit are defcribed^ are direSily as thofe perpendiculars to .^ 

the tangents. For when the arches, or bafes of the tri-r 

angles, are equal, the triangles are as their altitudes j that 
. - ■ 

is, 



. \ 
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exhauftible fund of nature offers on all fides innu- 
iilerable objedts of inveftigation to the inquifitive 
mind. 



ii *. 



IS) as the above-^mentioned perpendiculars. But they are 
like wife as the times ; therefore, &c, ... 

Corollary 3. If> by drawing lines parallel to the chords 
AB^ BC> of any two contiguous and evaneicentarch'^ 
defcribed in equal times, the parallelogram be completed| 
the diagonal BG^ when produced, will pafs through the 
centre of attraftion N, which proves the vonverfe of the 
propofition 5 viz* that when the areata ivhich are difcrihed bf 
ajlriiight litie^ conneSltng a momng body and a certain pointy 
an proportional to the times in which ihey are defcribed^ then 
the body is under the influence cfa centripetal force tending to 
that points ' - 

Cordlary 4. In ivery point of the orbit the xmtripetal 
forte^is astbtfogitta, or^verfedfine^ of the indefinitely fmaff 
^cb at that point.-^T^bs centripetal force at B isas BG, be^ 
otufe BG is .equal to Qf^, and CH is the deviation from 
the ftraight diredlion AH, which has been occafioncd by 
die^entripctal force. And the half of BG, viz. B O, is 
the tagitta, or* V^ed fine, of the indefinitely fmall arch 
ABC. ' . ' 
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CH.aPT £R X. 

0# THE DBSGSNT OF BODIES UPON TKCLINEl) 
PLANKS; AND THE BOCtltlNB OP PENOV-' 

LUMS. 

... \ 

; •' = ■ , " - • . " 

Prop. L XX/^^'^ ^ ^^ ^^ placed upon an in* 
V ¥ clintd- plaHi^ the force of gravity 
which urges that body downwards y^ aSls witk^ powir 
fd mftch le/Sy than if the body deftended freely and per- 
pendicularly downwards^ as the elevation of the plant 
is lefs than its length. 

If BD/fig. r, Plate IV. be an horitontal pknc, 
ami a body A be laid upon it, this body will re- 
Walft motioiricfe ; for thpugli the power ef gravity, 
' t)r (whitH is the fame thing) its own weight, draws 
it towards the centre of the earth, yet the pkmi 
DjB fupports it exaftly in that direftion ; hence no 
motion can arife* 

But if the plane be inclined a little to the hori- 
zon, as in fig. 2, Plate IV. then the body will de- 
fcend gently towards the lower end D* And if the 
inclination of the plane be iocreafed, as in fig. 3, 
Plate IV. "the body will run down towards D with 
greater quicknefs. 

In the two laft cafes ; or, in general, whenever 
the plane is inclined to the horizon, the aftion of 
gravity is not entirely but partially counterafted by 
the plane. For if, from'the centre A of the body, 
in the figures 2 and 3, you draw two lines^viz. AG. 
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perpendicular to the horizon, - and AF perpendi- 
cular to the plane ; the whole force of gravity, which 
is reprefented.by the line AE, is r^folved into two 
forces; viz. AF and EF» whereof AF being perpen- 
dicular to the plane, is that part of the gravitating 

■% 

power which is counterafted by the inclined plane j 
or that part of the weight of the body which is 
fupported by the plane BD ;. and EF reprefents the 
other part of the gravitating power, which urges the 
body downwards along the furface of the plane. 
Therefore the force of gravity which moves the 
body, is diminilhed in the proportion of AE to EF^ 
But the triangles AFE, EDG, and BDG, are equi- 
angular, and of courfe fimilar (becaufe the angles at 
F, C, and G are right, and the angle AEF is equal 
to the angle ,DEG, by EucI, p, 15, B. I. j as alfo 
equal to the ^ngle DBG, by Eucl. p* 29. B. J.) 
Hence we have A^^to EF, a$ DB tp 3C s viz. as 
the length of the plane is to its elevatign, or as the 
whole force of gravity is to that part of it which 
urges the body dpwn along the inclined plane*. 

Prop* IL The /pace which is defcribed by a body 
defcending freely frjom reft towards ike earthy is to the 
Jpace which it will dejcribe upgn thefitrfac^ of an ittf^ 



♦ If (by trigonoinetyy) DB be made radius, BC be- 
coinft3 the fine of the angle of inclipation BDC j therefore 
the whole force, of gravity isjaid tobet^ tlxitpart of -it which 
urges aJ)ody dfnOn an incUned plane^ as radius is to the^ne of 
the plan/ s inclination to tf^e horizon^ 

M 3 dined 
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dined plane in the fame time as the length of t lie plane 
is to its elevation^ or as radius is to the fine.of the plants 
inclination to the horizon. 

The force of gravity, wliich urges a body down 
along the furface of an inclined plane, is diminiflied 
by the partial counteradicm of the inclined plane ; 
but its nature is not otherwife changed ; viz. it afts 
ccJnftantly and unremittedly. Hence the velocitj' 
of the body is continually accelerated, and the 
fpaces it runs over are alfo proportional to the 
fquares of the times ; though thofe fpaces will not 
be fo long as if the body defcended freely and per- 

pendicularly towards the ground. 

* 

Now in ordpr to afcertain how much the fpace, 
which is defcribed by a body funning down an in- 
clined plane in a certain time, is (Tibrter than the (pace 
through which it would defcend freely and perpendi- 
cularly in the fame time,we'myftrccolle6l what has 
been proved in page 643 relatively to the fpaces,which 
are defcribed in the fame time, by bodies that are 
afted upon by different central forces -, namely, 
that in equal times, the fpaces are as the forces ; 
then, fince the whole force of gravity is to that 
force which draws a body down the inclined plane, 
as radius is to the fine of the plane's inclination^ 
Therefore the fpace defcribed by a body which de- 
fcends freely, is to the fpace which a body will de- 
fcribe on an mclined plane^ in the {hme time as 
radius is to the fine of the plane's inclination, or as 
. the length of the plane is to its altitude. 

Example. 
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Example. Let the length BD of the inclined 
planejfig. 2, Plate IV. be 10 feet, and itsetevation BC, 
4 feet. It is known from experimeiit, that ia the 
firft fecond of tiiney a body will dcfcend freely fromi 
reft through 16,087 f^^^* Therefore, by the nilc 
of three, we fay, as 10 feet are to 4 feet, fo are 
16,087 ^^^ *^ ^ fourth proportional, viz. 10:4: : 

- 16,687 ; /ilL^J^ =) 6,435 feet, which (hews 

that a body running down the inclmed plane BD, 
would pafs over little lefs than fix feet and a half, 
or 6,435 ^^^> ^^ ^^^ fi^ fecond of tiiiie. 
• Prop. III. If upon the elevation BC, fig. 4, Plate 
\S.ofihe plane BD, as a diameter^ the femscirclt 
BEGC he defcribedy the part BE of the inclined plane^ 
which is cut off by the femichrcley is that part of the 
plane over which a body will defcendy in the fame time 
that another body will defcend freely and perpendicU'- 
Uirly along the diameter of the circle^ viz.fi'om B to G, 
which is the altitude tf the plane^ or fine bf its incUna^ 
lion to the horiz^on. 

The triangle BEC is equiangular^^ and of courfe 
'fimilar, to the triangle BDC (for the angle at 
B is common to both, and the ar^Ie BEC is 
i^ Eud. p* 31. B. in, aright angle, and there- 
fore equal to tlie right angle BCD) hence we 
have BD to BC as BC is to BE. But, by the 
preceding propofition, the fpace defcetided freely 
• and perpendicularly, is to the fpace run over ^ui 
inclined plane in 'the fame time, as the length of 

M4 the 
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the plane IS to its elevation^ viz. as BB is to 
BC ; therefore, the fpace run freely and perpendi- 
cularly, 13 to the fpace run over the inclined plane, . 
likewife a$ BC is to BE. And fince BC is the 
fpace fredy defcended by a body in a certaia 
time, BE muft be the fpace which is run down by 
A body on the iqcjined plane in the fame time. 

Cor. A very ufeful ind remarkable confequence 
is derived from this propofition, namely, that a body 
will dej^tnd from B over any chord whatfoever as 
BE,<>r BF,ar BG, ofthifemicircle BEFC, exaSly in 
thejhme time^ viz, in the. fame time that it would dc^ 
fcettd freely from B to C; For if you imagine the 
inclined plane to be BH infte^ of BD; then by 
thi$ propofition^ the body will defcend either from 
, B to F, or from B to C in the fame time } an4 
again, if you imagine the inclined plane to be BI^ 
then by , this propofition, the body will defcend 
either from B toG, or from B to C, in the feme 
time. And, in (hort, the fame thing may be 
proved of any other chord of the femicircle. 

Prop. IV. ^he time ^ a bodfs . defcending along 
the whok kngth of an inclined plane y is to^ the time of 
its defcending freely and perpendicularly along the alti-^ 
tude of the plane ^ as the length of the plane is to its al^ 
titude i or as the uuhale force of gravity is to that pari 
of it which a£ls ypon the plane. 

The fpaces run oyer the plane being as the 

" fquares of the times, we huve the fquare of the time 

of pafling over BD^ fig. 4, Plate IV. to the fquare of 

the 
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the time of paffing over BE, as BD is to BE. ^ But 
BD is to BC asBC is BE, viz. BD, BC, and BE 

are three lines in continuate geometrical propor- 
tion ; therefore (Eucl. p. 20, B. VI.) BD is to fiE, 
as the fquare of BD is tp the fquare of BC. It 
has been fhewn above^^that the fquare of the time 
of paffing over BD, is to the fquare of the time 
of paffing over BE, as BD to BE ; therefore thofo 
fquares of the times are to each other as the fquare 
of BD to the fquare of BC ; and of c6urfe the 
fquare roots of thefe four proportional quantities 
arelikewife proportional (Eucl.p. 212, B. VI.) viz. 
the time of a body's defcending from B to D is to 
the time of its defcending freely and perpend icu- : 
larly from B to E, or from B to C, as B D 1$ to 
BC, or as the length of the plane is to its altitude; 
or (by the lift propofition of this chapter) as the 
whole force of gravity is to that part of it .yvhich 
aAs upon the plane. 

Prop. V. A body by defcending from a certain height 
Jo the fame horizontal line ^ will acquire the fame velocity 
n^hether the defcent be made perpendicularly^ or ob^. 
liqiely^ over an inclined plane ^ or over many fuccejjive 
inclined planes^ or lajlly over a curve fur/ace. 

I ft. In page 64, it has been (hewn, that the' 
velocity of a body defcending freely towards a cen- 
tre of attradion, is as the produft of the attrac- 
tive force multiplied by the time ; and by the pre- 
ceding propofition it has been proved, that on an 
inclined plane the force of gravity is diminilhed in 
proportion as the time of the body's running down 

the 
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the whole Jength of the pkne, is increafed, viz. 
when the force of gravity is half as ftrong as it 
would be in free fpace, the time is doubled ; and 
when the force is one-third as ftrong, the time is 
trebled, &c. therefore the product of the time by 
the force is always tlie fame ; for ^-'HiultipUed by a 
is equal to 4- multiplied by 3, is equal to ^ multi- 
plied by 4, &9. hence the velocity being as that 
produft, muft, of courfe, be always the fame» or 
a conftant quantity. For example, fuppofe, that 
when the body defcends perpendicularly down 
from B to C, fig. 4, Plate IV. .the whole force of 
gravity ads upon it. Let us call that whole force 
J , and let the time employed by the body in com- 
ing down from B to C be one minute, then the ve- 
locity acquireid by that defcent is reprefented by • 
the produdl of 'the time by the force, viz. 1 by i, 
which makes one. Now when the body defcends 
from the fame altitude B, to the fame horizontal 
line DC, over tlie inclined plaae BD, the force of 
gravity which draws it downwards is diminiflied j 
for inftance, fuppofe jt to adt with a quarter of its 
original power, then the lime of the body's defend- 
ing from B to D will be four minutes, and the 
velocity acquired by that defcent, being as the 
produdt of the force by the time, is as the pro- 
duft of i by 4, which is one, or the fame as when 
the body defcends perpendicularly down from B 
toC. 

2dly. Suppofe that the body defcends from the 
feme altitude E to the fame horizontal line DC, 
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fig. 5., Plate IV. along the contiguous inclined 
planes EF, FGy GD ; by th« time it arrives at D 
it will have acquired the fame velocity as if it had 
defcended perpendicularly from B to C, or from E 
perpendicularly down to the horizontal line DC; . 
for, by the firft part of this propofition, it will ac- 
quire the fame velocity whether it defcends from 
E to F or from K to F, and by adding to both thc^ 
plane FG, it follows that the body will acquire the 
fame velocity whether it defcends along the fingle 
plane KG, or along the two contiguous planes EF, 
FG. And by the like reafoning it will be pnnred, 
that the body will acquire the fame velocity whe- 
ther it defcends along the fingle plane BD, or along * 
the contiguous two planes KG, GD, or along the 
contiguous three planes EF, FG> GD, &c. 

3dly. If the number of contiguous planes be 
fuppofed infinite, and their lengths iiifinitely fm^ll, 
they will conftitute a curve linCj like BH; whence 
it follows, that a body by its defcent along the 
Curve line BH, or any other curve, will acquire 
the fame velocity as if it defcended perpendicularly 
from B to C. 

Prop. VI. Let a circle he perpendicular to the ho- 
rizon^ and if two chords be drawn from any tfiUo 
pints in the circumference^ to the point in which the 
circle touches the horizon j the velocities which are ac- 

m 

quired by the defcents of two bodies along thofe 
chords^ will be as the lengths of the chords refpec- . 
lively. 
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It lias been fliewn by the preceding propofition, 
that a body will acqijiir^ the fame velocity whether 
k defcends from B to D- fig. 6, Plate IV. or from 
£) to D; D being the point of cootad with the ho- 
rizoatal .plane GI> and likewife the fame velocity 
will be acquired by defcending from C to D, or 
from Fto D ; fo that the velocities, which' are acr 
qwred by defcending along thofc chords^^ are re- 
fpeftivcly the iame as the velocities acquired by 
defcending perpendicularly from £/ and F to D. 
And (from what has been (h^wn in p. 6^) thofc 
, velocities are as the fquare roots of ED and FD^ 
JJow (Eucl. p, 8. B. VI.) AD is to DB ds PB^ 
'is. to ED J therefore . (Eucl. p. 20. B. IV.) AD 
IS to ED, as the fquare o£ AD is to the fquare oi 
DB^and, for the fame reafons, AD is to FD, as the 
fquare of AD is to the fquare of CD. Hence, al- 
ternately, AD is to the fquare of AD, as ED is to 
the fquare of BD ; and AD is to the fquare of AD» 
zs FD is to the fquare of CD i therefore ED is to 
the fquare of BD, us FD is to the fquare of CD j 
that is, alternately, ED is to FD as the fquare of 
BD is to the fquare of CD; and of courfe the 
fquare root of ED is to the fquare root of FD 
^s BD is to CDi and as th^ velocity acquired by 
defcending along BD is to the velocity acquired by . 
defcending along CD. 

Prop. VIL If there be two planes ofunequallengthy 
hu etjiially inclined to the horizon^ the times of defcetU 

alon^ 
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iikttg this whole lengths of tkofe planes nmli he as fJb 
fquare riots of their lengths refpeHively. 

Ltt BD and EF, fig. 7, Platfe IV, be Wd pknd^ 
of Ufifequkl lengths, but equally ihcHned to xht h6* 
rizoh ; ahd it follows from prop. IV. of this chip* 
ttt\ that the time of' defcent along the plane BD 
is to the tinae bf th^ perpehdictilar defcent alor^ 
BC,as BD is to BC; alfo that tht; timfc <)f 
defcent along E F is^ to the time of defcent 
along E C, as E F is to E C. The times of the 
perpendicular defcents along B C and E C dre 
as the refpe^ive fquare roots of B C and EC 
(fee page 65.) Now the triangles. BDC and EFC 
being .equiangular, and thefefofe jGmilar (EucL 
p. 4* B. VL) we have BC to EC as BD to EF, 
and of courfe the fquare root of BC is the fquarfc 
root of EC, as the ifqulfe root of BD is to thfc 
(qtiare roof of EF ; viz, as ' the time of defcent 
ijong BD is to the time of defcent along EF* 

Cor. The fame thing itiuft be Underftood fas 
It may eafily be derived from the above pro- 
pbfition) of two or more contiguous planes fimi- 
UrlyTituafed, as BID, EHF; and likewifeof 
two curve (iirfaccs that are fimilai* and fimilarly ' 
fituatedi iince thofe clirvei may be conceived to 
confift of an infinite number of planes fimilafljr 

fituated. ^ 

Thus much will fuffice for the prefent with re- 
fped to the properties of inclined planes, in which 

we 
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• we have fuppqfed the bodies. to be fphcrical, and 
the planes as well as the bodies to. be perfeftly 
fmooth and not obftrudted, either by fridtion or by 
the refiftance of the ain' We (hall now explain 
the properties of pendulums or pendulous bodies; 
a pendulum being a body hanging at the end of a 
firing, like A, fig. 8» Plate IV* and moveable about 
a fixed point of fufpenfton C* A pendulum however 
may confift of a fingle body fufpendcd without any 
ftring, fuch as a rod of wood or other matter fufpcaid- 
ed by one end^ &c. but in the following propofi* 
tions a pendulum muft be underftood to be ac- 
cording to the former definition, viz. a body fuf- 
pended at the end of a ftring, &c. and the ftring 
muft be fuppofed to be void of weight, as alfo to 
move with perfed freedom about the point of fufr 
penfion, unlefs the contrary be mentioned. 

Prop^VIIL If a pendulum be moved to any dif 
tancefrom its natural and perpendicular dire^iouy and 
there be let go^ it will defcend towards the perpendi* 
cular^ then it will afcend on the oppoftteftde nearly as 
far from the perpendicular^ as the place whence it be- 
gan to defcend y after which it will again defcend 
to'cmrds the perpendicular ^ and thus it will keep 
moving backwards and forwards for a confiderable 
time ; and it would continue to move in thctt maimer for 
ever^ were it not for the rejijiance of the air, and the 
fri£iion at the point offufpenfwn, which alzvays preijnt 
its afcending to the fame height as that from which 
it Ic^ly began to defcend* 

Thus 
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Thus tlic jfcndulum, fig. 9, Plate IV. being 
moved from the perpendicular direftion CB to the 
fituation AC, and there left to itfelf, will defcend 
alongthearchAB with an accelerated motion, in the 
fame manner as if it defcended over a curve furface 
AB ; for it is evidently the fame thing whetlier zi^ 
body defcends along fuch a furface, or is confined 
by the firing CB, fo as to defcribc the. Tame curve 
AB. By the time the body arrives at the loweft 
point B, it will acquire the ikmc velocity as if it 
had dclcended perpendicularly from E to B, (by 
propl V.);This velocity (if the retardation arifiog 
from the refiftance of the air and tlie frifiiion be 
-removed) will carry it beyond the point B with a 
retard^] motion in an equal portion of time, as far 
as D (fee page 71) viz. as far from B as A is from 
B, It will then defcend again with an accelerated 
motion towards B, and fo on. For fince the velo- 
city of the pendulum in its afcent is retarded by the 
fame uniformly afting power, which accelerates it 
in its defcent, namely, by the force of gravity, 
there muft be the fame time employed in deftroy-' 
ing as in generating any momentum. 

It likewife follows from this confideration, that the 
weight of the pendulum cannot alter its time of 
defcent or afcent; for it has been fliewn above, thiit. 
bodies of different weights will move through equal 
fpaces in equal times, towards a centre of attradtion, 
provided the attradive force b^ the famsf. And 

the 
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tb^ rtiotion of 4 pendulum is evidentiy oWing to the 
gravitatifig power* 

The whole motion of the pendulum ohc way is 
called a vtbratloH Or. ofcillatidn. Thus the motion 
of the pendulum froni A to D is one vibration } 
from D to A is another vibration^ and fo on-* The 
body which hangs by the firings is commonly called 
the kob of the pendulum. 

This property of the {)endulnm is fully confirmed 
by a variety of experiments,. A pendulum, if once 
moved out of its perpendicular fituation, and thcn^ 
left to itfclf, will movie forwards and backwards for 
aConfiderable time (in fome cafeSy for many hours) i^ 
but eS^ry vibration will be a little (hortcr than the 
preceding^ until at laft thd pendulum will entfrely 
ceafe to move/ That this gradual retardation h 
entirely owing to the refiftance of the air, and to 
the fridlipn at the point of fufpenfiott, is proved 
by obferving that the fame pendulum has been 
found to,continue its vibrations longer and longer, 
in proportion as thofe. caufcs of obftruftion have 
been diminilhed ; hence we conclude, that if thofe 
caufes could be entirely removed, the pendulum 
would continue to vibrate for ever* 

Prop. IX. 7 he velocity of a pendulum in its loweft 
point is as the chord of the arch which it has defcribid 
in its defcent. 

Thus if there be two pendulums of equal lengtlts, 
as CFand CA, fig. io> Plate IV, and the fbmier 
of them defcends from F, whilft the latter defcends 

from 
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loift A ; then at the loweft point B the velocity 
of the former will be to the velocity, of the latter^ 
^% the chord of ftfaight line FB is to the chord ot 
llraight line AB, or as the velocities acquired by 
the perpendicular defcents GB EB5 which is an 
evident application of the propofitions V. and VI. 
bf this Chapter. 

Prop^ X. ^he Vety fmall vibrations of the fame 
penduhm are p&formed in times nearly equal \ but the 
vibrations through longer and unequal arches are per* 
formed in times fenfihty different^ 

It is evident (from cor* to prop; 111.) that if the 
pendulous body, inftead of vibrating along circular 
arch^j could move along the chords of thofe arches, 
the femi-vibratibns, whether long or ftiort, would 
be all performed in equal times ; viz. each in the time 
that a body would employ in defcending perpendicu- 
ferly atong the diameter of the circle, or twice the 
length of the pendulum. For inftance^ iri fig. 1 o, 
^late IV. the pendulous body would defceiid from F 
to Bor from A to fi. along the chords or ftraight lines 
FB or AB, exadlly In the fame time, viz. the time 
*t would employ in the perpendicular defcent from 
H to B ; and fince the defceiit from A to B> or 
from F to B, is .half a vibration, therefore each 

■ 

^holc vibration would be performed in twice that 

But fince the body vibrates hot along the chords 
hilt along the arches, riierefore the unequal vibra- 
tions cannot be performed in equal times (fee prop. 

' VOL. I, . N I-V.) I 
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IVJ) ; yet in very fmall arches t^e chords arc nearly 
equal to the arches that are fubtended by them, 
(fee prop. L of the note in p. 1390 therefore the 
vibrations along very fmall arches^ though of w»* 
tqual lengths, are performed in times nearly equal. 

Prop. XI. Js tht diameter rf a circle is H its eiv^ 
cumferencejfo is the time of a heavy hdfs defeetufrom 
r^ tkreugh half the kngti of a pendulum to tie time 
0f one of thefmall^ vibrations of that pendulunu 

The deolonftratioQ of this propolition d^entb 
upon certain difficult mathematical pnnciplcs^ we 
^all therefore fubjoin it by way ci a v^ty fof the 
information oS, thofe whb are qualified to read it ; 
and (hall now proceed to (hew the ufe of this curio«iS' 
proportion by means of examples (i ). 

Thb 

(i) The analogy which is announced in the above pro« 
pofition, is deduced from the properties of a curve called the 
cycloid. It J3 therefore necefTary, in the firft place^to (hew 
the nature and principal prpperties pf that curvc> from whidi 
the above mentioned>analogy may afterwards be derived. 

If a circle, as AB, fig. 11, Plate IV, retting on a right 
line AL, touches it in a point A; and if this circle be 
rolled along the faid line, until the fame point A in the cir- 
cumference, which firft touched die line AL, comes again 
incontad): v^ith it in another point L ; or till the circle 
AB, by rolling along the line AL, has performed a whole 
revolution ; then the point A will, by its two-fold motion^ 
deferibe the curve ACDIL, which is called a cycloid. 

The circle ABC is called the generating circlcy AL is 

the bfifi'^ and DF, ereded perpendicularly in the middle of 

6 * . the 
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This propofition (hews the proportionality of 
four quantities ; viz. the diameter of a circle, its 
circumference, the time which a heavy body em~ 
ploys in falling from reft through a certain fpace, 

and 



the bafe, and extended from the bafe to the curve, is the 
€ixis of the cycloid.— ABC> DGF> HIK, reprefcnt the ge- 
nerating circle in different fituations. 

From this generation of the cjcloid, the following par** 
tides are obvioufly derived. 

L The bafe AL is equal U the tircumferenu if the gem^' 
rating circle. 

II. The axis DF is ejual t$ the diameter if the genereiing 
circle^ 

III. The part KL if the bafe^viz. the part between 9ne 
extremity if it and the place which touches the generating 
€ircU in anyftuation if iV, is equal to the arrefponding arch 
IK^ ir GFf if the generating circle j the ordinate IE being 
parallel to the bafe, 

IV. FKy ir its equal MEj is efual /» the remaining arch 
iHy or GD. 

V. The chord IK is perpendicular ti the curve at /. 

VL The chord IHy being perpendicular to iKy {for the 
angle HIK in the femicircle is a right angle) is a tangent to 
the curve at the point L 

VII. The tangent I H of the qurve at /, or chori of the 
circular arch Hly is equal and parallel to the chord DG. 
Alfo IK is equal and parallel to FG. ^ 

V\\\. The length of the fmicycloid DIL is equal td twice 
the diameter DFofthe generating circle \ and any cycloidal 
arch ID^ cut off by a line IE parallel to the bafcy is equal to 

N 2 twice 
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and the time of a fmall ofcillatioh of a pendulum, 
' whofe length is equal to twice that fpace. • 

It is very well known that the diameter of a 
circle is to its circumference, as one is to 3>i4i5 

nearly, 

twice the chord DG of the correfponding circular arch DG^ 
which is cut off by the fame line !£• 

Draw PT indefinitely near and parallel to IE, which 
wilFcut the circle DGF in Qj Join DQ^produce DG to 
meet TP in S i froiii Q^draw QO perpendicular to DS, 
and draw GR, a tangent to the circle at G, and RD a tan- 
. gent 2it D. Then, fince PT is indefinitely near to EI; 
GS is equal to the increment IT of the curve, whilft GO 
IS the increment of the chord DG ; for DQ^ being nearly 
equal to DO, muff exceed DG by the increment, oraddi* 
tional part GO« And this increment or addition to the 
chord has been made at the fame time that ihe curve DI 
has been increafed of the part IT, equal to GS. 

Now die triangles DRG, GQS, being fiifHlar f fince 
DR is parallel to QS, and the angles at the vertex G are 
equal), and DR being equal to RG, QS muft be equal 
to QGs hence GO is likewife equal to OS, and of caurfe 
GS is equal to twice GO i but GS is equal to the incre- 
ment of the curve, and GO is equal to the contemporaneous 
increment of the chord DGj therefore the increment of 
the curve is equal to twice the increment of the chord* 
And as this reafoning is applicable to any point of the curve 
from D to L, therefore we conclude, ttSt fince from the 
upper point D to the loweft L, the curve increafes twice 
as faft as the correfponding chord of the circle DGF, 
therefore any arch DI of the curve is equal to twice the 
correfponding chord DG 5 and at L where the correfponding 

chord 
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nearly; therefore if one of the other particulars be 
known, we may find out the fourth by means of 
the common rule of three. 

- Example I ft. The time in which a- body will 
dcfcend from reft through 16,087 feet, viz. (one 

fecond) 

chord is DF, the curve or femicycloid DIL is equal to 

twice DF, viz. twice the diameter, of the generating 

circle. 

IX. Ci/, CS, fig. 12, Plate IV. repf-efent two equal fe^ 

nucychidal cheeks Jet contiguous to eack other with their 

bafes CE^ CKy in the fame dire^ion. BDA is an inverted 

cycloid equal to the cycloid of which CA or CB is the half^ 

and its bafe reaches from the vertex B of one femicycloid to the 

vertex A of the other. At C fufpenda pendulum CLlyWhofe 

length is equal' to one* of the femicycloids. As this pendulum 

vihrates in the plane of the cycloids, its firings will apply itfelf 

firft to one and then to the other ofthofe cheeks, by which mean^ 

the end J of the pendulum will move precifely in the curve 

BDAi viz. in a cycloid. 

It is evident from the conftru£lion, that BA is the bafe 
of the cycloid BDA; that BF = FA = CE = CK, and 
that CD = CLI = CLB = BID :?: twice the diameter 
of the generating circle FGD, or E)HB. 

In anyfltuation of the pendulum, as CLI draw LH 
through the point ^herc the contafl: betjveen the ftring of 
the pendulum and the cycloidal cheek terminates, and draw 
I Y through the end of the pendulum, both parallel to the 
bafe BA ; and join the points B, H, G, F, with the lines 
BH, and GF. 

Since CLB is equal to CLI the difengaged part LI of 
the ftring muft be equal to LB, and of courfe equal to 

N 3 twice 
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« 

fecond) being given, to find the time in which a 
pendulum of twice that length (viz. of 32,1 74 feet) 
will perform one of its leaft vibrations. 

Here we have i : 3,1415 : : i^': to a fourth pro- 
portional, viz. to 3^*^1415^, which is the time in 

which 



twice die chord HB (by $ VIII). But BH is equal and 
parallel to the tangent LM (by §. VII) j therefojre HB is 
equal to ML, and confequently LM is equal td MI % hence 
d)e parallels , HL,' IG are equidiftant from die bafe BA, 
and cut off equal arches HZBj| FSG, from the generating 
femicircles ; therefore the chord FG is equal and paraUei 
to the chord HB^-and to MI. Alfo MF is equal to IQ^ 
thofe lines being the oppofite iides of a parallelogram. 
Now as BM is equal to HL, and (by § IV.) equal to the 
arch HZB, or to the arch FSGf ; the remainder MF, equal 
to IG, will be equal to the remaining part CD of the femi* 
circle ; which proves that the extremity I of the pendulum 
is always in the cydoidal curve ADB. 

For the fake of brevity we fhgll call the pendulum which 
vibrates in a cycloid, a cychidal pgndulum. 

X- The vebcity of a cycloidal pendulurfi in its Uwejl point 
is proportional to the Jpace paffid through \ viz. to the arch 
of the cycloid which the pendulum has defcribed in its defcentm 

Thus in fig. 1 2, Plate IV. If the pendulum begin to 
defcend from I ; at D, its velocity will be as the arch ID ; 
and if it begin to defcend from B, then when it arrives at 
the loweft point D, its velocity will be as the arch BID j 
which we are now going to prove. 

It has been (hewn in chap. X. prop V. that a body will 
acquire the fame velocity whether it defcends obliquely 

from 
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which the pendulum of 32,174 feet will perform 
each of its very fmali vibrations ; viz. little more 
than threfs leconds. 

Example 2. The time in which a body will de- 
fccnd from icfl. through 16,087 fe^t (viz. one fe- 
cond) being given, to find the time in which a pen- 
dulum of four feet will perform one of its leaft 
vibradons« 

Here 



■^^ 



I' 



from I to D, or perpendicularly firom Y to D* Alfo 
the (quare of the velocity of a falling body is as the fpace 
pafled .^rough, or the velocity is as the fquare root 
^the (pace; therefore the velocity acquired by the pendu- 
kan I, in its ^fcent from I to D, ijs as the fqutre root of 

YD, viz* at VTDT But (Eucl. p. 8. B. VI.) DY : DG 



: : DG : FD; therefore DY=22J1^. Now FD 

I'D N 

being an invariable quantity, D Y muft increafe or decreafe 

according ad the fquare of DG increafes or decreafes ; or 

the fquare root of DY (viz. the velocity in queftion) is as 

DG, which is equal to half the cycloidal arch Dl ^ hence 

the velocity is as the cycloidal ardi. 

XI. ^// tii vibrations of a ^ycbidal pendulum^ vJbethir 
long orft)ortj are performed in equal times. 

In all forts ofmodon, as we have abundantly (hewn^ the 
Ijpace is as die produ£i; of the time multiplied by the velo- 
city 5 viz, S is as TV, which gives the following analogy, 
S : V : : T : i. But it has been juft {hewn, that in the 
cafe of a cycloidal vibration, the fpace is as the velocity ; 
therefore the time miift be. as upity, or always the fame. 

N4 Xll.If 
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Here half the length of the pendulum is 2 feet i 
therefore in the firft place we muft find out what 
time a body will employ in defcending from reft 
through 2 feet; ^nd fince thefpaces paffed over 
by defcending bodies, are ^ the fquares oJF the 
times, (fee page 65) we fay as 16,087 ^^^^ ^^ ^^ 
two feet, fo is the. fqu^fe. of one fecond t;o the 
fquare of the time fought; viz. 16,087 i ziiif^ ;. 



( 



viz. q''^352, is the time of a body'^s defcehf through 

a feet., 



. XII. If a cycloidal pendulum begin to defcend from anf 

I 

foint Ly fig^ 13, Plate IF. towards the verUx F^.iU 

velocity at any point M (viz. the velocity ac(piir,edt hy 
defcending from L to M) will be as the fquare root of 
the difference of the fquares of the two arches AX, and 

VM(vi%. asyL:\'--^VM^\\ or it will be as the 

fine of a circular arch whofe radium is equal tQ VL^ and whofo 
^oftne is equal io VM* 

Through the points L and M draw LR, MS, parallel to 
the bafe AB, which lines will cut the generating circle in 
O and Q^ And draw the chords VO^ VQ^ 

The velocitj' of the pendulum at the point M, after a de- 
fcent from L/, is equal to th.e velocity that would be acquired 
by a body defcending perpendiculirJy from R to S (by prop, 
V. of this chap.) ; ^n^ this velocity is as the fquare root of 

the fpace RS ; or as RV—SV]^ ; or as VOl"-— V^V. 

or,IaftIy, as VL'; — VJVi^*v (See thq demonfl ration of the 

propofition laft but one.) 

ProducQ 
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a feet. This time beijig found, we then fay, after 
the manner of the preceding example j i : 3,1415 

: : o",35a : Q:l^lJ^^l:l^ z>ix'\x nearly the 

time in which a pendulum of 4 feet performs its 
leaft vibrations* 

Example 3. The time in which a penduluni' 
of 39,1 196 inches performs each of its faiall vibra- 
tions (viz. one fecond) being given, to find the 
fpace through which a body will defcend from reft 
in the fame time, 
■' ' Firft 



Produce the axis DV towards Z ; at V cre£t VL per«» 
pendicular to DZ, and equal to the length of the cycloidal 
arch VML. Let the lengths VM, VL, in the ftraight line 
y L, be madq refpedively equal to the lengths VM, VL, of 
the cycloidal arch. With the centre V and radiqs VL, 
dtaw the (emicircle LZP. At M on the radius ere6t jVlX 
perpendicular to it, which will meet the circumference 
at X, and laftly join VX« 

Then MX is the fine of a circular arch, whofe radiu$ 
is VX*or VL, which is equal to the cycloidal arch VL, 
and whofe coitne is VM, whicH is equal to the cycloidal 
arch V M. (By Eucl. p. 47. B.I.) MX is equal to 

yx]*_Vlal*l|, or to VD~VM;*I . 

Xin. If when the pendulum begins to defcend from L 

(ilong the cycloid^ another body be fuppofed to move in the 

Jemicircle LZP from L tpfvards Z with a uniform velocity^ 

fqual to the pendulum^ s greatejl velocity \ (viz. that which 

^he pendulum acquires by depending from L to the vertex F\) 

" then 
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Fhrft we fay 3,1415 : i : : i^^ : 0^^3183, the 
time in which a bddy will dcfcend through a fpace 
equal to half the length of the pendulum, viz.^ 
through 19,5598 inches. 

Then, 



then any circular arch XTwiU he difcrihed by the ahve^men^ 
tioned body with that uniform velocity ^ in the fame time that 
the cycbidal arch which is' intercepted between the two.corref^ 
finding points Mand N^ is rum over by the pendulum witb 
its ufual accelerated velocity^ 

Draw the line mx parallel, and indefinitely near, to the 
line MX. Through X draw X r parallel to the. radius 
VL; and in the cyclotdal arch take M/n equal to Mm in 
the radius^ 

The arch X^, being indefinitdyfmall, maybe confidered. 
as a right line. Then the right angled triangles V M X, 
X Jr r, being fimilar, (becaufe the angles r X x and M X V 
arc equal, for each of them) is the complement of V X r to 
a right angle), we have M X : VX (or VZ, or VL) : ; 
X r (or M w) : X x. 

Now the velocity pf the pendulum at M (by § XII* of 
this note) i3 as MX \ therefore the extremely (mail fpace 
M m in the arch, may without error be fuppofed to be 4er 
fcribed with that velocity. Alfo (by § X. of this note) 
the grcateft velocity acquired by the pendulum in its de- 
fcent from L to V, is as the arch LV, or as its equal, the 
radius LV, and is the fame velocity with which the circular 
arch is equably defcribed j therefore, the analogy of the pre- 
ceding paragraph is, by fubftitution, converted into the fol- 
lowing : viz, as the. velocity with which the circular arch 
X JT is defcribed, is to the velocity with which the fmall 
cycloidal arch M m is defcribed, by the pendulum, as X ;r is 

to 
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Then,'fincc the fpacet defcribed by defcending 
bodie$» are as the fquares of the times, we fay, at 
the fquare of q''',3 1 83 is to the fquare of one fecond, 
fo are 19*5598 inches to the fpace through which a 
body will defcend in one fecond ; viz. 0,10131489 
• 1 • • ^9*5598 2 193,06 inches, of 16,083 feet ; the 
ipace through which a body will defcend from reft 
in one fecond. 

In 

tolAmvio that thofe fmall lines are as the velocities with 
which they are defcribed. But when the fpaces are as the 
velocities, the times muft be equal ; therefore, the circular 
arch X ^ is defcribed in the fame time that the correfpohd* 
ing cycloidal arch M /tz is defcribed by the pendulum. Now 
as the feipe thing may be pud of all other correfponding 
parts between X and Y, and M and N ; therefore the whole 
circular arch XY is defcribed in the fame time in which 
die porrt^lponding cycloidal arch MH is defcribed. Hence 
die whole cycloidal arch L V, and quadrant LZ, are de- 
fcribed in the iame time. 

' XIV. The time ofyi complete ofcillation of a cycloidal 
tiftdulufiii is to the time in which a* body would defcend per-- 
pfi^ScuIarly along the axis of the fame cycloid^ as the circum^ 

fererUe of a circle is to its diameter. 
. Ixt the firft place, it is evident that the time in ^lich the 

' femicii:cle LZP is defcribed in the manner mentioned above, 
is to the rime in which the radius LV could be de/cribed 
with the ikme equable velocity, as the circumference of a 
circle is to its diameter^ But the time in which the femi- 
circle LZP is defcribed, is equal to the timq in which the 
pendulum wiU make a complete fycloidal ofcillation fromX 

to 
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In the preceding examples the calculations have 
not been carried on to a great number of decimals, 
purpofely to avoid prolixity ; the objed being only 
to Ihew the method of performing the calculations % 
but in many cafes it will be neceflkry to extend the 
operation to a greater degree of accuracy. It is 
likcwife neceflary that the reader be informed of 
the real length of the pendulum, which vibrates 

fecopds. 
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to p. And the time in which LV (or its equal twice OV) 
could be defcribed with that fame velocity with which die 
circle is defcribed, is equal to the time of defcent along 
the chord' OV, or along the axisDV (fee chap. V. and 
pr6p. yi. of this chap.); therefore, the above-mentioned 
analogy is, by fubftitution, converted into the following. 
The time of a complete cycloidal ofcillation, is to the time 
in which a body would defcend perpendicularly along the 
axis of the fame cycloid, as the circumference of a circle is 
to its diameter. 

This proportion evidently confirms prop, the i ith of diis 
note ; for Hnce every cycloidal vibration is in the fame ratio 
to the time of defcent through the axis, as the invariable 
ratio of the circumference of a circle to its diameter, thejir 
mud be ^\ performed in the fame time. 

The very fmall vibrations of a common circular pendu- 
lum, may without any fenfible error be fuppofed to follow 
the fame laws as thofe of the cycloidal pendulum ; for near 
the vertex V, that is, whep the arch of vibration doe$ not 
exceed two or three degrees, the curvature of the* cycloid 
coincides with the curvature of a circle whofe radius is 
equal to CV. viz. the length of the pendulum. This i^ 

evidently 
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ieconds, or of the real fpace which is paffed over 
by defcending bodies in a given time ; (fince the 
one may be eafily deduced from the other) in 
order that he may ground his calculations on as 
accurate a foundation^ as the prefent flate of know- 
ledge can admit of. / 

In different parts of the world, the pendulum 
which vibrates feconds, is not of the fame lehgth. 

It 



evidendy (hewn by the figure itfelf ; for when the pendulum 
vibrates not far from the perpendicular C V> its ftring does 
hardly touch the cycloidal cheeks CA, CB s and of courfe 
its eMremity V muft defcribe a circular arch very nearly, 

XV. ll)e times of fimilar ofcillations of different pen^ 
dulums^ when theforce^f gravity is fuppofed to vary^ are as 

« 

ibe fjuare roots of the lengths of the refpeHive pendulums di* 
rtj^fyj and as the fquare roots of the refpe£five gravitating 
farces inverfefy» 

By the preceding propofition the time of a cycloidal vi- 
bration is to the time of perpendicular defcent along the 
axis, in an Invariable ratio; that , is, the former is as the lat- 
ter. Now the .time of that perpendicular defcent is diredly 
as the iquareroot of the axis (or of its double, viz. the length 
of the pendulum}, and inveriely as the fquare root of the 
force of gravity^ for when flie gravitating force is inva- 
riable, the time of perpendicular defcent has been {hewn to 
be as the fquare 'root of the fpace ; and when the tiniie is in- 
variable, (viz* in die fame time) the fquare root of the fpace 
has been fhewn to be as the Iquare root of the velocity, or 
of the gravitating force; therefore when they are both va- 
riAle, the fquare root of the fpace or length is as the time 

multiplied 
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It is a little longer on places that are iitue^ted 
neai^er to the poles, and (horter in fituations that 
are nearer to the equator, (the reafon of which will 
be (hewn hereafter). This difference, however, is 
known with fufiicient accuracy* Hut n^oft philo- 
fophical writers differ with refpeft to the length bf 
the pendulum which vibrates feconds . in the 
iame latitude; and of courfe with refpe^ to the 

real 



» 

multiplied by the fq^su'e root of the gravitating force \ or 
th^ time is as the fc|[uare root of the fpace divided by the 
iquare root of the gravitating force ; that is, a$ the fquare 
root of the length of the pendulum dire&Iy> and the fq^uare 
root of the force of gravity Jnverfely. 

Independently of the cycloid, the time of any circular 
ofcillation may be found out by means of the following 
problem, which is given by Profeifor SaUnderfon in hisMe« 
thod of Fluxions. 

JjIVI^ To find the exa^ time of one of the haft, ofcillations 
§fia given pendulum fwinging in an arch of a circle \ and ta 
findj without any fenfible error^ alfo the time of any other 
$fqllatien» 

Let a pendulum ND, fig. 14, Plate IV. vibrate in the arch 
ADC of a circle whofe diameter is ID; and fuppofe it to be 

at the point E in its afccntfrom D to C. Let v^BF cx- 
prefs the Velocity acquired by a heavy body in falling from 
B to F, (AC>EE, being the parallel chords of the arches 
ADC, EDE, which interfedi the diameter in B and F), and 
confequently the velocity of the pendulum at the point £. 

Now i \/'ID cxpreflcs the velocity acquired by defcend- 
ing through i ID, and iince a body with that velocity 

would 



the BqStrine of Pendulums. 191 

real fpace which is paffed over by dcfcending bodies 
in a given time,— In the works of the moft eminent 
philofophers of this country, I find the length of 
the pendulum, which vibrates feconds in or near 
London, flated differently as follows : inches 39,2 ; 
39*14 ; 39*1^8 ; 39,125 ; 39,1 196, &c. 

The 



■■»■ 



would defcribe uniformly a fpace equal to f ID in die 
fame time in which it would fall throuj;h \ ID. Divide 

the fpace f ID by the velocity \VlU^ and the quotient 
VID^ exprefles the time wherein a heavy body would fall 
through a i ID ; viz. through half the length of the pen- 
dulum; 
Draw ee indefinitely near to ££s then E^ may be con- 

fidered as the fluxion of the arch DE ; and — ^ will ex- 

prefi the time wherein the fmall arch E^ is defcribed by the 
pendulum) or the fluxion of the time of a vibration^ But 

E# = y£=^S (foriCallingtheradiusND,r;F£,v;and 
VlF X FD \ 

rD,;f5 we fliall have E / = i*+>*ll. But;f*=2rx— *;^, 
whofe fluxion is2j[^— ari— ixx'^ hence ^ = — 



XX 



;or 






«* «* y* 



Thcre- 






rx 



and3?^hri * = - = ■- 



U£^Fr=±E<\r=tL2 k/TSx W; there- 



•iFxFD 



) 



v^IF 



v/tD 



t/BF v'lF l^BFxFD 

in 
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The late Mr. John Whitehurft, an ingeniduaf 
member of the Royal Society, feems to have con* 

triyed 

■ ■ ^1 > * r ■ ^ ■ ■ « ■ I • » i i I I I ■ r ■ ■ ■■ r I 

in K, and KD in L ; .and when the arch ADC is fmall,. 

the quantity I F cannot differ fenfibiy from IK, nor . 

V IF 

from . Therefore — 1— is very nearly equal to r 



X •id x^ 



IF/ 



/BF xFD 
Upon the diameter BD defcribe the circle BGt)G, cut-* 

» 

ting the chords ££, ee in G and g ; then will the fluxion of 

the arch D G be G ^ = I IP.^T/ ; confequently §£ 

. v^FB xFD BD 

i p f 
:r * -^ . } and therefore the fluxion of the time of Yii» 

tratiort through DE «rill be —Ei r: 1^1 x vTD ^ 

j/BF IK 

_€ ; which in fadi is the time of the pendulum's moving 
UD 

from E to ^. 

But the fluent of this laft^uxion is ^^ X VTD k 

IK . 

DC*R 

T : this, therefore, is the time of half a vibration of 

BD * 

motion of the pendulum from D to C* Aiid the time of a 

whole vibration through the arch ADC is --^ X V'l D >< 

BGDGB 
' ' i>D ' 

Whea 



f ■ 



'■^- -^..i^ 
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tiived and performed the leaft exceptionable ex<» 
periments relatively to this ^ubjed. The refult of 

his 



When the arch of vibration is indefinitelj (mally the 
ijuantity —~ becomes == i ; and tbe time (T) of one of 

die leaft vibrations, wiU become T = /ID x °^i}P° > 

and therefore BD : BGDGB : : •ID : T ; that is, as the 
diameter of a circle is to its circumference, fo is the time 

(V^ID) of tiie defcent dirough half the length of the pen-» 
duluin, to the time of one of the leaft otciUations of the 
pendulum) which is the fame analogy as was derived 
from die properties of the cycloid. Wherefore the time of 
ofcillation in a cycloid, and in an indefinitely fmall arch of 
a circle, is the lame, viz. T =:: i fecond, when die length 
of die pendulum is 39,1 196 inches ; as has been proved ex« 
perimentally. 
Therefore, die time of an ofeillation in a circular arch in 

gcneral,is T x L^, or (fmce I L =: I K -f KL) die ge- 

neral expreffion of tbe time of vibration through any arch 

ADC of a circle will be T+Tx ^. AndTx ~ 

< IK IK 

h the excels of the time of vibration in a circular arch, above 

die time of vibration in the arch of a- cycloid, or above die 

^me of die leaft circular ofcillation ; the lengths of the pea* 

dulums being equal. 

. In order to adapt the pi^eding expreffions to the i»ik> 

^cil calculation, it is neceflary to obferve that BD is the 

y^rfed fisie of CD, viz. of half the arch of vibration. DK is 

behalf of that vcrfedfine s KL is a quarter of it ^ and ID ia 

VOL.1. o twice 



.. . .i .' ^ 
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his experiments fhew$,'that the length of the pcn-^ 
dulum which vibrates fecondsr in London, at itj 

feet 



twice /the length of the pendulum j hence if we call thp 
v.erfed fine of hsdf the arch of vibration a^ and call the 
length of the pendulum b J then the above ftated expreffion 

T + Tx ^ will become T + Tx -ll-,orT + Tx 
IK 2^~^a 



Example i. Suppofe it be required to find the time in 
which a pendulum, tliat performs each of its fmalleft vibra- 
tions in one fecond, vrill perform its vibrations m an arch 

of 120^. 

\n this cafe the lenjgth of the pendulum is ^ z: 39»il96} 
the femiarch of vibration is 60* s and its verfed fine (which 
is taken from the trigonometrical tables, and Is reduced in 
the proportfon of the tabular radius to the length of the pen- 
dulum ; by faying, as the tabuhr radius is to the length of 
the pendulum, fo is the tabular verfed line to the verfedfirtc 
in queflion) is I9>5598 = o'^ therefore the time fought is 

T + Tx _f_ = X'' + i'^ X 12^1591= i'/,07i4; 
U — 2a^ 2731S372 

then if the number of feconds in 24 hours, viz, 86400" be 
divided by the time of one vibration laft found; viz. by 
l''',07l4, the quotient 80735 is the number of vibrations 
which the pendulum will perform in 24 hours, when it vi- 
brates along the arch of 1 20° ; whereas when the fame pen* 
dulum performs very fmall vibraUons, it will vibrate exaAly 
feconds, viz/ it wUl perform 86400 vibrations in 24 hours. 
Example 2. Suppofe it be required to find the time of one 
vibration, when the above-mentioned penduluna vibrates 
^ . _ through 
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feet above the level of the fea, in the temperature 
of 60* of Fahrenheit's thermometer, and when the 

barometer 



i^Uu 



through a femicirde. In this cafe the verfed (ine is equal to 
the radios, or to the length of the pendulum, viz. a :s: ii 

coniequentljr the expreffion T + T x . ■ . beoomcfs 

8^ — 2{i 

i^^+i^X ■ ^^ -^s: 1"+ - = i",i66666j fo that the 
8* — 2b 6 

time of a fniall vibration of the pendulum, whofe length is 

39,1 196 inches, is to the time of one of its vibrations along 

a femicircle as i is to 1,1 6666, which is nearly in the 

proportion of 6 to 7. 

We (hall conclude this long note with the demonftration 
of another curious property of the cycloid. 

XVII. If two points bi given in a vertical planty but not 
htb in tbefanu line perpendicular to the horizon^ a body will 
defcmdfrom the upper point to the lower in the Jhorteft tinu 
poJibUy if ^it be caufed to move along the arch of a cycloid^ 
which pajjes through thofe points^ and whofe baje is an hori* 
zoMtalline that paffes through the upper point. 

Thus if the twopoints be A and B, fig. 15, Plate IV; 
and it be required that a body fhould defcend from A to B 
in the ihorteft time poffible i this obje£l will be obtained by 
caufing the body to^efcehd not along the ftraight line AB, 
^ it might at iirft fight be imagined, n6r along an ardi of a 
circle, or other curve ; but along the cycloid ADR, whid^ 
paffes through the given points A and B,. and whofe bale is 
Ac horizontal line AO.-*On account of this remarkable 
pppperty, the cycloid is called the line of jwifteft dejcent.-^ 
^eihall divide the demonftration of this property into threb 
puts, . 

o a I. If 
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i^ammeter is at 30 inches, is 3()}i 196 inches s whence 
it follows liaX the fpace which iis palTed over by 

bodies 

r. If a certain line, as ACDB, be the line of fwifteft de* 
Icent t>etween two points A and B ; it follows that a body, 
after its defcent. A-om A as far as C, wilt continue to de« 
fcend quicker along the bxtit Xxx^ from C to D, dian along 
' any other Xmt^ as CED ; for if this be denied, then it muft 
be adtnitted that the body will d^fcend Mer along the line 
ACEDBt than along theline ACFDB; cbnfequendy die 
line ACFl!)B is not the line of fwifteft defcent, which is 
contrary tp the hypothefis. 

2. Let AOGB, fig. 16, Plate IV. bea curve between the 
two given pointa A and B ; let DE, EG^ be two indefinite- 
ly fmall and contiguous portions of it. Through die points 
D, E, andO, draw DL, EO, GP, perpendicular to the 
bafe AC ; and through D dhiw DH parallel to die bafe. 
Now if this curve be fuch that the velocity with which the 
indefinitely fmall portion D £ is pafied over by a body 
after its defcent from A to D, be always proportional to 

, J; ■ {a being a certain invariable line or quantity) i 

dien the bbdy after its defcent from A to D, will delcend 
along the curve from D to G in lefs time than along any 
other vray DFG } and of c^urfe this Curve will be the line 
of fwifteft defcent. 

Through F draw FQ^parallel to EG, and letFQJbefup- 
pofed to be paiTed over with the fame'velocity as EG 5 draw 
FN perpendicular to DE, as alfo ME and QQ^ perpendi- 
cular to FQ, then the triangle FNE being fimilar to DEH, 
as alfo FME fimilar to GEI, we have DE : DH : : FE : 

NE=:£!l43E,andGE:EI:;FE;FM=^>^ 
DL GE 

Hence 
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bodies defcendmg perpendicularly, in the firft fer 
cond of time, is 16,087 feet.— This length of '9 

Jecond 

HehceNE:FM::5">L!^ : 

DE Gii. DE 

^ : : .^S^ : EiLf; viz, NE is to FM as the 
GE ^^5E GE • 

vetocity with which NE is pafled over to iht velocity with 
which FM is jpaflfed over : whence NE, FM, are pafled 
over in equal times* And fince MQ^ is ecjual to EG, the 
timeof defcent through M Q^will be equal to the ^me of 
defcent dirough EG ; fo that the time of defceiit through 
FQ.will be equal to the time of defcent through NEG. 
But fince the angle MQG is a right one, FG is greater than 
FQj fi> that .the time through FG will be greater than th^^ 
time through FQ^ or through NEG; and fmce DF is. 
greaiinr idian DN, thetime thiXMighDF will be greater than 
the time through DN. Whence the time of defcent along 
DF, FG, will be gt>eater than the time of defcent along 
DN, KG. A benvy body dierefore, after its fall from A 
^ Oi iti^l dofctnd bom D to G along the curye;,DEG, ir| 
Ie6 dine than ilong any other line ; confequently the curve 
ADEGB is^tbo Uoe: of fwifteft deCcent between the points , 
AandB. • 

3. Let ADEM^ fig. 17, Plate IV. be a cycloid whole 
hsdb is die horizontal ifne AG. Through any point D in 
it draw PQ^ ps^^allel to die bafe AG, and cutting the ge- 
nerating eircle at N and the axis at Q^ Draw the chords 
GNi NM ; through D draw DL perpendicular to the bafe ; 
and df aw OE indefinitely near and parallel to LD. Now 
die indefinitely fmall part DE of the curve may be confi- 
dered as a- light line coinciding with the tangent at D, and 

03 it 



198 Of inclined P lanes j and 

fecdnd pendulum is certainly not mathematically 
exa6t, yet it may be confidered as fucli for all com- 
mon purpofes ; for it is not likely to differ from the 
truth by more than TAsrth part of an inch.* 

XII. ri^ 



it may likewife be fuppofed to be defcribed by a body de« , 
fcending from A, with die fame velocity which the body bas 
acquired by its defcent from A to D ; for the acceleration 
of velocity through that indefinitely fins^l fpace may be 
confidered as next to nothing. Now we (hall pi-ove that 
this cycloid has the property of the abovermentioned. curve, 
viz: that the velocity with which the finall portion DE it 
defcribed by a body falling from A, is always proportional 

(Q P^^A 5 (tf denoting the axis GxM of the cycloid). 

' From the above-mentioned properties qf the cyclokii ^ 
fmall line DE^ comciding with the t^gent at P, is paralkl 
to the chord NM, Whence the triangles DHE, NQM, 

^ and GMN| are equiangular and of courfe fimilar; thero- 

^ fore DE : DH : : GM Izza) ; GN=5JL^. ButGN 

^ DE 

is as the velocity which is acquired by the heavy body in in 

defcent from G to Q^, or from L to D i viz. as the velocity 

with ^hich the indefinitely fmall line DE is pailed over; 

therefore the cycloid, having the property of the above-men* 

tioned curve, is the line of fwifteft defcent, &c« 



f See Mr. Whitehurft's attempt towards obtaining inva- 
riable meafures of length, capacity, and weight, Alfo Sir 
George Shuckburg Evelyn's excellent paper on the ftand* 
ard of weight and meafure, in^thePhilofopbical Tranid^ioQl 
for the year 1798, 
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• XII.. ^he times in which Jtmilar vibrations (viz. 
^vibrations through arches of the fame number of degrees) 
of different pendulums are performedjare as the fquarc 
roots of the lengths of the pendulums. 

Thus if. the pendulum AB, fig, 18, Plate IV. 

be four times as long as the pendulum CD, then 

the time of a vibration of the^former will be double 

the time of a fimilar vibration of the latter; For 

(by cor- to prop. VIL of this chap.) the vibrations, 

and of courfe the Cemivibrations, being fimilar and 

fimilarly fituated, the tinic of the pendulum's de- 

fcent along the arch GB is to the time of the other 

pendulum's defcent along the arch HD, as the 

fquare root of GB is to the fquare root of HD. 

But the circumferences of circles, or fimilar portions 

of the circumferences, are as their radii ; therefore 

the fquare ipots of fimilar portions of the clrcum- 

.ferences areas the fquare roMs of the radii; con- 

fequently the times of fimilar vibrations are as the 

fquare root$ of the radii, or of the lengths of the 

pendulumSf 

Throughout the prefent chapter the force of 
gravity has been fuppofed invariable; but ivhen 
th^t is not the -cafe, as for ipftance, when a pendu- 
lum, which vibrates near the furface of the earth, is 
compared with a pendulum on the top of a very 
high mountain, or with a pendulum which vibrati^s 
on an inclined plane; in which cafes the a^iqn of the 
gravitating force on the pendulum's is not the fame> 
thea the titpe of vibration is as th( ^uofjetft of t^e 

O 4 ^ K^P 
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fquare root (f the length of the pendulum divided by 
tkefquare root of the gravitating farce. 

This propojQtion will be found dcmonftrated in 
the note* 
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OF %nZ, CENTRE OF OSCILLATION, AND CSNTSf 

OF PBRCySSION. 

$ 

THE attentive reader muft undoubtedly hare 
remlrkedy that though in the preceding 
chapter much has^'bcen faid with refpedi to the 
length of the pendulum, yet no mention has been 
made of the point from which that length, or dif* 
tance from the point of fufpenfion, (hould ist mea* 
fured. The reafon of this omifBon is, that the de- 
termination of that point, which is called the centte 
of ofcillation^ requires a very particular confideratlonj 
fuch indeed as could not without obfcurity be in- 
troduccd in the preceding chapter. We (hall no# 
endeavour to elucidate the nature of that point, 
and to lay down the methods of determining its 
iituation or diftance from the point of fufpenfion in 

pendulums of different lengths and ihapes. 

When 
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When the pcndultim confifts of a {pherical bc(dy; 
feftened to a firing, a perfoh unacquainted with the 
fiibjedt might at firft fight imagine that the length 
cf the pendulum muft be efli mated from the point 
of fufpenfion to the centre of the ball. But this is 
not the cafe ; for iri faft the real length of the pen* 
dulum is greater than that diftance, the reafon of 
which is, that the Ipherical body does not move itt 
a ftraight line, but it moves in a circular arch ; in 
confequence of which, that half of it which isfarthefk 
from the point of fufpenfion, runs through a longer 
fpace than the other half which is nearer to the 
point of fufpenfion i hence the two halves of the 
ball, though containing equal quantities of matter, 
do aftually move with different velocities, therefore 
their momentums are not equal ; and it is in con* 
fequenceof this inequality that the centre.pf ofcff- 
lation does not lie between the two hemifpheres"; 
that is, in the centre of the ball; but it lies within 
the lower hemtfphere, viz. that which has the greater 
momentum/ Now from this Jt naturally fbllows, 
that if the ball of thc^ pendulum, could be conceti* 
trated in one point, that point would be the centre 
rfofcillationj (b that the centt^6 6f ofciflktion is 
that point wherein all the matter (and ofcourfe 
the foix:es of all the particles) of the body or bodies 
that may be joined together to form a pendulum, 
may be conceived to be condenfed. 

The centi'e of percujjion is that part or point of a 
pendulous body, which will make the gtatefl im- 

preifion 
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prefiion on an obftacle that may be oppofed to it 
wbilft vibrating ; for if the obftacle be oppofed to it 
at difierent diftances from the point of fufpenfioQ, 
the ftrokCjOr percuffion^will not Jbe equally powerful; 
and it will foon ap[)ear tHat thiscentre of percuffion 
does not coincide with the centre of gravity. 

Let the body AB, fig. i, Plate V. N. I, confift- 
ing of two. equal balls faftened to a ftiff rod, move 
,itl^ direftion parallel to itfelf, and it is evident that 
!|he two balls muft have equal momentums^ -fince 
their quantities of matter are equal) and they move 
with equal velocities. Now if in its way, as at 
N. II, an obftacle C be oppofed exadtly againil its 
middle E, the body will thereby be cffedually 
flopped^ nor can either en4 of it move forwards, 
for tbej exadUy balance each other, the middle of 
this body being its centre of gravity. Now (hould 
an obdade be oppofed to this body, not agaipft its 
middle, but nearer to one end, as atN. Ill, then the 
fhroke being not in the diredion of the centre of 
giravity, is in fa^ an oblique ftroke, in which caie^ 
agreeably to the laws of congrefs which have been 
delivered in chap: VJII.a part only of the momentum 
. will be ipent upon the obftacle, and tl^e. body ad- 
vancing the end A> which is &rthe(t from the ob- 
ftacle, as fbewp^by the dotted reprefentation, will 
proceed with that part pf the momentum which 
has not been fpent upon the obftacle ; confequehtly 
in this cafe the percuffipn is npt fo powerful as in 
tlie fpregoing, Jherefore. th?r? is a certain point in ^ 

moving 
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mcmi^ body which makfcs a ftrongfcr imprcffion* 
on an obftade than any other part of it,~In the 
prefent cafe, indeed, this point coincides with the 
centre of gravity ; becaufe the two ends of the 
body before the ftroke moved with equal veloci- 
ties. But in a pendulum the cafe is difierent; for 
let the &me body of fig. i , Plate V. be fufpendcd 
by the addition of a line AS, fig.. 2, Plate V. which 
Jme we (hall fuppofe to be void of weight and flexi- 
bility, and let it vibrate round the point of fufpea* 
fioh S» It is evident that now the two balls will 
not move with equal velocities j for the ball B, by 
defcribing a. longer arch than the ball A in the fame 
time, will have a greater momentum ; ^nd of courie 
the point where the forces of the two balls balance 
each other, which is the centre of percuffion,\ lies 
nearer to the lower ball B; confequently this point 
does not coincide with the centre, of gravity of the 
body.AB ; but it is that point wherein* the forces 
of all the parts of the body may be conceived to be 
oxicentrated. Hence the centre of ofciUation and 
the centre kA percu0ion coincide ; or rath^ they are 
tixaftly the fame point, whofe two names onlyiiUude, 
the forcber to the time of vibtation, and the latter 
to its ftriking force. 

If in fig. I,, Plate V. the balls A and B be not 
%o^2Xy their common centre of gravity will not be 
in the tniddle at £? but it will lie nearer to the hea- 
vier body, as at D, fuppofing 6 to be the heavier 
* bodys fQ that^tfae difUnces BD, AP, may b? in- 

verfely 
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veriely as tho weights of thofe bodies* Now when 
the above^mention^ body is formed into a pendu^ 
hittiy as in fig. a, though the weights A and B be 
equals yet by their moving in difibrent arches, viz. 
with different velocities, their fdrces or momentums 
become aftually unequal; therefore* in order to 
find the point <ybere the forces balance each other, 
fb'that when an obftacle isoppofed to that point, 
the moving penduluni maybe efTedually (lopped^ 
and ino part o^ it may preponderate, in which cafe 
{he obftacle Wiir receive the greateft impreffion; 
we jnuil find firfl the moment urns of the two bo^ 
dies. A and B,« then the diftances of thofe bodies 
fbom the centre of percuffion, or of equal forces, 
muft be inv^rieiy as thofe momentums. Thus the 
vdocities of A and Barie reprefented by the fimilar 
acch^s whicb they defcribe, and thofe arches are as 
the radii SAr SB. Therefore the momentum of A 
is the produft of its quantity of matter multiplied 
by SA, and the Momentum of B is the produ^ erf 
its quantity lof matter multiplied by SB; cotU^- 
qupntly AD muft be to BD, as the weight of B 
multiplied by SB is to the weight of A mukipiied 
by AS. Then D is the centre of percuffion. And 
fince, when four quantities ar« proportional, the 
produdt of the two extremes is equal to the pro- 
dudt of the two means; therefore if the weight of 
A multiplied by AS, be again multiplied by AD, 
the produft muft be equal to the prodqft of the 
v^eight of B multiplied by BS^and again multipU^d 

by 



I 

by BDj that b, tkepr^duB of the body on oneji^e of 
the centre pf pfciUatien multiplied by ^both its difianc^ 
from the point of ft^penfion and its diftance from ihe 
centre of ojcillation^ is €qual to the produS of the body 
on the other fide of the centre of ofcillationy multiplied 
both by its diftance from the point <f ft^e^fioti^ ^nd 
its diflance from the centre ofofcillation.^^ 

The fame reafoning may evidently be applied to 
a pendulum confiftbg of more than two bodies 
tonneAed together, err to the difTeittit .^ts of the 
fame pendulous bbdy ; hence we form the folldwing 
general law. 

If the weight of each part of a fimple or compound 
pendulum be multiplied both by its diflance from the 
centre of fufpenfiony and its diflance from the centre of 
ofciUation or percuffion^ the fums cf the products y on 
tack fide of the centre of ofciUation j will be efxal to 
tack other. 

From this law the rule for determining the dif- 
tance of the centte of ofciUation from the point of 
fufpenfion is eafily deduced ; but the application of 
It is attended with confiderable difEculty, on which 
account we (hall fubjoin it in. the note (i), and 
ihall now proceed to (hew an experimental or me- 
chanical 
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(i) Let a penjjulum confift of any number of parts <>r 
final! bodies A) B, C, D) £, joined together ; let a^ b^ Cy 
^^, (bind for their refpeftive diftances from the point of 
' tifyexdioTi'f -and ir for the diftance of the centre of ofbiUa-' 
fion from the -pbibt of fufpenfion. 
-i The 
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cbanical method of finding the centre of ofcillation, 
which method is gener^ and eafy, at the fame time 
that it admits of fufficient accuracy. 

The 

The diftancet of thofe parts, or bodies, from, the centre of 

oTciBation wiUbex— tf,* — ^,;r— r,rf — x^ ^— jr; Dand 

£ being fiippofed to be farther from the point of fufpenfioiiy 

dian the centre of olctUation is. By multiplying everyone 

t/ tbofe bodies, both by its diftance from the centre of fuf* 

penfion and its difbuice from the centre of ofcillation, we 

hav^ Agreeably to the above-mentioned law, the equation 

Kax^kaa+^bx—^bb + Ccx-^Qcc =: Ddd—Ddxi- 

'Eii — E/jp J which, by tranfpofitioii and divifipn, is re- 

tblved into the following ; vi^» 

_ Aaa -f B&6 4> Ccc + Ddd 4 ^ee 
' ka + BA ^Cc^Dd + Ei ' 

Sbould.aoyofthe bodies, as forinftance A and B, in the 
preceding inftance, be fituated above the centre of fufpen- 
fion, then their diflances will be negative, viz. — «, •— ^, 
though their fquares aa^ hb^ arealways pofitive. In this cafe 

the value of a: is -=: ^ ^ *, ^-j — =r- . 

— Afl — B^ + C<: + DJ+ E^ 

Sin^e the centre of gravity of a body or fyftenx of bodies^ 
is that point wherein all their matter may be conceived to 
be condenfed, therefore the product of all the matter or fuoi 
of the diiFerent weights A, B, C, D, E, multiplied by the ' 
diftance of the common centre of gravity from the point of 
fufpenfion, is equal to the fum of the produds.of each body 
multiplied by its diftance from the point of fufpenfion. 

Hence the above ftated value of x becomes haa + B^^ 4- 
Cff + Ddd + )Lit divided by the produdl of the whole 
body or fum of the weights, multipU^ by the diftance of 

/ die 
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The body whofe centre of oiciUatton, or (whidft 
is the fame) of percuflion, is to be aicertained, muft 
be fufpended to a pin or other fupport, but as 

frcdy 



the centre erf" gravity from the point of fufpenfion. And 
being cxpreped entirely in words, it forms the foHowixis 
general 

Rule 1. If all the bedt€s or parts of a body^ that forms s 
pendulum^ be multiplied each bythefquare tf its dijiante frmm 
the point or axis of fufpenfiorij and ihefum of the prodzt£fs he 
£vided*bythe product of the whole weight of the pendulum^ 
multiplied by the diflance of the centre of gravity from tbs 
point offufpenjion ; the quotient will be the diflance of the cen^ 
tr4 rf ofcillation or percujjion from the point of fufpenjion. 

The fituation of the centre of ofcillation may alfo be 
fouiid Jby means of another rule, which we {hall likewife lay 
dowDy and (hall demonftrate ; fince in fome cafes this rule 
will be found preferable to the firfl-. 

Rule X. If the fum of the products of all the parts or 
weights^ muftipBed each^by the fquare of its diflance from the 
antre of gravity^ or from a line pajjing through the centre ff 
gravs^ parallel to the axis of vibrationy be divided by tbi 
produS of the whole mafs or bodyy multiplied by the dijlance 4if 
the centre of gravity from the point of fufpenfion^ the quotient 
will be the M/iance of the centre of of dilation from the centre 
of gravity ; which being added to the dijlance of the centre of 
gravity f rem the point of fufpenfiony will be the dijlance of the 
eentre rf ofcillation from the point offufpenfton. 

Let CAB fig* 4) Plate V* reprefent any fort of body re- 
gidar or irregular, fufpended at C ; O its centre of ofcilla- 
tion; G its centre of gravity ; C O B its axis or right line 
paffing through the point of fuijpenfion, and centres of gm^ 

vity 
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it^\y as may be pradicable ; and being once moved 
out of the perpendicular CLtuation, muft be fufiered 
to perform very fliort vibrations \ y\z. fo fmall as 
to be juft difcerriable. Then by keeping an eye 

on 
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vity and oiciitation. This body may be conceived to coq.^ 
fift^of an indefinite number of extremely fmall parts or 
weights* . Let W be one of thoie iinall weights ; join 
WC and WG, and from Wdrop WF perpendicular to 
GO. Then the produd of W, by the fquare of its diftance 
from C, is W X Crw]*. But (Eucl. p. 47. B, I.) CWj* 

s= WF]*+ Cn* ; and Gw]* =; GF]*+ WFl*. (Eud. 

. p. 7. B. II.) OG)*+CJF]*= 2CCi X GF + CFl*;andby 

tranfporition CF]» = 5F]» + CGl* — iCGx GF. 

Then by fdbftitdtion (viz. by putting inftead of CF1% its 

equal GF]* + CGI* — aCG x GF; the above ftated 

equation becomes CW]* = WF|* + GD* + Cigl*^ 

2CGrx'GF"== (putting GW]* for its equal GF,* .+ 

WF;*) GW]* + CG]* — aCGxGF. And multiplying 
both fides by W, we have the fum of all the proda6b W X 



CWj* =: the fiim of all the W x GW)* + all the W 
X "^^ A- the fum of aU die W x 2CG xGF. 

But by the nature of the centre of gravity the' fum of all 
the WxGF is = 0; for thofe which are. one fide of the? 
axis muft balance thofe which are on the other fide; and 
of courfe all the W x 2 CG x GF alfo become = 0. 
Therefore there remains the fum of all the W x CW)*=s 
fum ofalltheWxGtv)*+ fum of all the WxCG)*r: 
fMm ofall^be W X GW> + the whole body X CG]\ 
Or (txking^away the fum of all the W x GWl* from both 

.3 fides 
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Oil a clock or \fratch with a'feconds hand, the ob- 
ferver muft count the vibrations, and, if poffible^ 
even the part of a vibration, that are performed by 

that 



fides of the equation) .the fum of all the W)<CCy)*:a, 
the whole body x Gg)* 

ThfP r- o - farn of allthe Wx CWl * . ^^j^ ^ 
- . ' ^ whole bodyxCG ^ ^ 

ift)^CG+ ^"'"^^^^^^^^^"^^ \ And la%, 
• V ^ the whole body X CG ^ 

nr^ nn n r- —fum of all the W X G W> , . , . 

GO=irCO^CG=: ■ c — 7^7T*5 which is 

the whole body x CG 

rule the 2d* 

In the application of the above-mentioned ruleSj It is fre-, 
quently very difficult to find the fum of the produdts of all 
the weights multiplied by the fquares of their refpedive dif- 
tances,' The method of fluxions is undoubtedly the moft 
extenfive, as it may be^applied to all fuch figures or bodies 
as have feme regularity of fhape, or fuch as may be expref- 
fed by an algehraical equation. But in fome cafes the irre- 
gularity of form is fo very great, that the centre of ofclllation 
ntan only be found out by nieans of the above-defcribed me- 
ehanieal: method* 

In orderto find the (Wm of thd weights, &c. you muft 
-tonfider an indefinitely fmall part, or incren^ent, or fluxion, 
of die figure, as being a fmall weight, and multiply it by the 
Iquare of its diftance firom the centre of fufpenfion or axis 
.of vibrs^tion, according to rule the ifl:, or elfe multiply it 
by the fquare of ite diftance from the centre of gravity, or 
from a line pafllng through the centre of gravity, and pa- 
rallel to the axi^ of vibration, according to rule the 2d. ; then 
you I. f t^« 



> 
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that pendulum in one minute, and note the xmm^ 
ber, N, B. Should the pendulum appear likely to 
Hop before the expiration of the minute, a gentle 

and 



the fluent of that expreffion will be die fum of the products 
of all the weights, multiplied by the fquares of their refpec- 
tive diftances, either from the axis of vibration, or from the 
centre of giavity, &c. Laftly, this fluent mufl: be tfiviided 
by the product of the^whole body (to be had by common 
menfiiralion} multiplied by the dii^ance of the centre of gra- 
vity, from the point of fufpeniion ; ^d the quotient will Jbe 
,tbe diftance of the centre of ofcillation either from the 
point of fuipenfion, or from the centre of gravity, according 
as the operation was performed either by rule the iirfl, or 
rule the fecond. 

A few examples 'Will render the application of this method 
more intelligible. 

Examplfe I. Let CB, fig. 5, Plate V^be a right line, oi 

very flender cylinder fufpended at C ; and call it n, (meaning 

cither its length or weight, for the one is proportionate to 

the othef) G is its centre of gravity. Now if you call any 

part of this line ^, reckoning from C, then the increment or 

fluxion of X is *-, which x may be confidered as one of the 

vaft many weights which form the whole line or flender 

cylinder. The produft of this weight by the .fquare of its 

diftance from C is, ^V,, and the fluent of this expreflionis 

x^ 

^, which,, when, x reprefents the whole extent CB, becomes 

3 

.^, and is the fum of the products of all the weights multir- 

3 

plied by the fquares of their refpe£tive diftances from C. 
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. and dexterous application of a finger once or twice> 
will increafe a little its vibrations, and prolong its 
adtion without altering the time of vibration.— 

For 
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We muft now fin.d the produ£l of the whole line mul- 
tiplied by the diftance 6f the centre of gravity G froi;n C. 

But CG ±:^ —, therefore the product: in queftion is £i x -» 

2 2 

or — • Laftly, divide the above fluent — by the laft pro- 

. * . ' 3 

dud, vis. f. -a. f., and the quotient JL is the diftaiKre jof 

3 a 3 

tke cehtre of ofcillation O from the point of fufpenfion C ; 

fo that CO is equal to y of CB. 

txample 2. Let AB, fig. 6, Plate V. be a right line or 
very flender cylinder faljrened to a line GO void of weight, 
and fufpended at O. The ends A and B are equidiftant 
from O, and the axis of vibration is perpendicular to the 
plane which paffes through ABOG \ fo that every "part ^ of 
the given line from A to G, or from B to G) Is at a dif- 
ferent diftance from the axis of fufpenfion. Put OG =:; a^ 
\xA GP iz x^ whofe fluxion is x, and is a pafticle or fmall 
weight of the given line, which multiplied by the fquare of 

OP, which is (Eucl. p. 47. B, i») = a* + x\ becomes 

x^ 
«*;r +;t*;r. The fluent of this expreffion is «*;r + — . 

3 

The produ£^ of the body GP by the diftance of the cen- 
tre of gravity Q firom O is (GP X OG) ax. Therefore the 

iiftanc^ of the centre of olcillation is \^ — — — -^J^ + 

pa ± 

3^ 
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For the fake of greater accuracy, the attentive 
obferver may count the number of vibrations for a 
longer tinae, as, for inftance> during two,, or three,^ 

or 



^ J which when GP = GB, becomes OG + ^.*; fo that 
3tf 3OG 

the centra of ofeillaxipn is at Q. V4«. lower than G by the 

Example 3. Let the pofition be exaftly as in the pre* 
ceding example^ accepting onfy that the axis of fufpenfion 
or of vibration^ which was then perpendicular, be now pa- 
rallel, to the line AB,.as in fig. 7, Plate V. and in this c^,. 
the centre, of ofcillation. will coincide with the centre of 
gravity G ; . for here, all the parts of the given line, as A^ 
G, P, B, &c. are equidiftant frotn the axis of fufpenfionK 
fc> that the weight x multiplied by. the fquare of its diftance. 
from the axis of vibration DQC, becomes a^i. ; the fluent v 
of which is <zV, and this fluent divided by ^jr, quotes a'y 
that is OG for the diftance of the centre of olcillation. 

Example 4. Let the pendulum confifl: of an ifoTceles 
triangk ABC, fig^. 8,. Plate V. fufpended at A,, and 
the axis of vibration parallel to BQ* Put the altitude 
AD s. <7; bafe BC =: i; and AF = ^. Through F 

draw GH parallel to the bafe. Then a\ b\ '. x\ — =: 

- a 

GHs and — Z is its fluxion,. which multi{died by the iquare 
a 

of AF, viz. by *•% becomes tf!ll. The fluent of this ex* 

a. 

prefllonis — .., 

4« 

Thr 
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or four minutes, and then taking the half, or third 
part, or fourth part of the number; for' that part 

will 



The triangle ABC r= *^ : and ^he dcAance of«its centre 

-^ 2 

V 

of gravity from A is s — ; hence the produfl of the tri- ^ 

3 . » 

ande by this dtftance is (— x —\ = f_. Therefore 
* ' V2 3; , 3 

^vide the above fluent, -^'hy f—, and the quotient is IfT; 

4^ 3 ' 4? 

which when x is equ^l to the altitude AD =: ^, becomes - 
^i fo that the diftance of the centre of ofcillation from A 

as equal to | of the altitude of the triangle. 

£xample 5. Let the pendulum confift of a fphericd body 
iiilpended at O, fig* 9, Plate V. by means of a Kne OD, 
which line weighs fo little with refpeil to the body, that ics 
weight may be conCdered as =: o. Imagine DES.D to be 
afeStion of the fphere through its axis, and petpehdicular 
to the axis of ofciUation EIL. G£ the radius perpendicular 
to DR. G the centre of gravity^ and V the centre of oT- 
ciUadon. x > 

Let SFPS be atly concentric circle; and put the ordinate 
PM=y ; GP=:j^ ; ^=: tbeciroMiference of a circle whofe 
radius is one, and draw NM parallel to GR. Suppofe a 
cylindric iur&ce to ftand on the circumference SFPS, 
and to be teri!ninated by the (iirface of the fphere ; then the 
circumference 6FPSz=f r, and the juft mentioned cylindric 
^furface will be =: icyxn 

^The diftance rf the particles in each ie£lion of this 
cylindric iurface, from the centre or gravity of the fe£lion, 

P3 or 
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will be the number of vibrations anfwcring to one 
minute. 

. ' With 



. or of a line paffing through G parallel to KL) is GP=;r; 
therefore the fluxion of the weight or furface is 2 f^jfi, 
whieh mul^plied by the fquare of the diftance GP, vis* 

bv x*'y gives the fluxicnl 2 cyx^i ; wbofe flvent is f2L-. . 

In order to expunge from this expreifion one of the va- 
risible letters, it muft be confidered that in a circular arch 
tbe fin^ is to the cofme as the fluxion of the latter is to the 
fluxion of the former; for in fig. lO, Plate V. where BE 
zzjy is the fine; AEetat is thecofinej if you draw CF 
indefinitely near and parallel to B£, and BD parallel to AG^ 
BD becomes x^ or.th^ fjuxion of the cofine, and CD be- 
. ^omes y^ pr the fluxion of the Qne j and fince the righ):- 
^ngled triangles ABE, BCD, ar^, equiangular (the angles 
CBD, EBA, beiiig equal, becaufe each of them i$ the com- 
plement pf ABp to a right angle) and ilmilaf, ^e b^ve AE 

%o EB, as CD to DB, viz. ;^ :>:.:> U=*: i? • Alfo if the 

radius be called a ; fiince the fquare of AB, or ^% is equal to 
^*+>*i * = V^* — *J'*» Now by fubftitutioq the fluent 

£Z^ becomes I ca^f-^^cy^ (for the fluxion of Ae for- 

2 

mer j viz. 2cyx^xzz2cyx^ xt^ zuicyx^x / „ , zt2cy X 

X ya^—y^ 

yy ' 

Va — y 
and the fluent of this laft expreffion is |f <j'ji'— |f ys> ^nd 
when^r— a— radiiiSj this fluent becoipes |f <?'— if<j'53 

Th9 
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With that number of vibrations, performed m 
one minute, thediftance of the centre of olcillation 

from 



Thef folidity of a fphere, whofe radius is ^, is expreffed by 
%ca^^ which multiplied by the diftance GO=:^ in fig. 9. 
becomes I ffl V. . ' , 

Laftly, divide the above fluent by the laftproJui^; viz. 

divide /y ca^ by *. ca^d^ and the quotient is the diftancc 

id 

of the centre of ofcillation V from the centre of gravity G| 

and of courfe OV = rf+ — • 

Sd 

Should the point of fufpenfion be fituatcd clofe to the fur- 

face^ as at D ; then the . diftance between the centres of 

fu^enfion and of gravity would become equal to radius, 

viz. d'=ia i and in that cafe the diftance between the centres 

1.0. 
of ofcillation and of gravity will be — ; and die diftance be- 

5 

tween fhe centres of ofcillation and fufpenfion will be 

Zf ; that is -J^ of the diameter of thefphere. 
5 

It plainly appears from the foregoing explanations and ex- 
amples, that when the firing of a pendulum is (hortenid, 
every thing el(b remaining unaltered, the centre of ofcillation 
change its place; unlefs indeed the weight of the pendulum 
or bob be fuppofed to be condenfed in one point, which 
cafe can have place only In the imagination. 

.Confequently what has been demonftrated refpe(5ting the 
eydoidal pendulum muft be confidered as a matter merely 
ofufefal Speculation, fince from it we derive the time in 
which a circular pejndulum performs' its vibraticms. But in 

p 4 pradice 
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from the point of fufpenfjon is determined by 
means of the following eafy calculation. 

Divide fixty feconds by the number of vibrations, 
which the pendulum \n queftion has performed in 
one minute, and the quotient is the time of one 
vibration. Square this time, (viz. multiply it by . 
itfelQ afid multiply its fquare by the length of the 
pendulum that vibrates feconds, viz. by 39,1196 
inches, and the laft produft (hews the diftance in 
inches of the ceintre of ofcillation or percuffion 
from the point of fufpenfion in the pendulum in 
queftion. 

Example i. Let a cylinderical ftick AB, fig, 3, 
Plate V. of about a yard in leqgth, befufpended at 
A, and be caufed to vibrate. Having obfervcd that 
it performs 76 vibrations in a minute, it is required 
thereby to find the diftance of its qentrq of ofcilla- 
tion from the point of fufpenfion A. 

Divide' 60 feconds by 76 vibrations, and the 
quotient, ©'',79 nearly (viz, 75^ hundreths of a 
fecond) is the time in which the pendulum in 
queftion performs one vibration. Then fince the 
lengths of pendulums are as the fquares of the times 
of vibrations therefore fay as the fquare of one 

fecond, 



MVi. 



pr^&ice a cycloi<laI pendulum would not perform all its 
vibrations in equ$il times ; becaufe by the application of tbs 
ilring to the cycloidal cbeelcs> the free part of tbeftring would 
befhortened, and the centre of olcillation would change itt 
place contifiuallyf 
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fecond, which is one, is to the fquare of 0,79 
hundredth parts of a fecond, viz. 0,6241 ; fo is the 
length of the pendulum which vibrates feconds, 
viz. 39,1196 to the length fought; that is, 
I : 0,6241 : : 39,1196; where fince the firft nuna- 
ber is unity, you need, According to the preceding 
rule, only multiply 39,1196 by 0,6241 ; and the 
produdt 24,4 is the diftance fought ; fo that the 
centre of ofcillation*C in the flick AB is 24 inches 
and 4 tenths diftant from its extremity A; viz, 
about two thirds of its length. 

Example 2. An irregular body fufpended by 
one end has been found to perform 20 Vibrations 
in a minute. Required the diftance of its centre 
of ofcillation from the point of fufpenfion ? 

Here the time of one vibration is (|4) 3 feconds j 
the Iquare of which is jj; and 39,1 196, multiplied 
by 9, gives 352,9764 inches, ot nearly 29, feet, for 
the diftance fought. 
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CHAPTER Xn. 



OF THE MECHANICAI^ PQWERS* 



THE pi;ecediog chapters contain the dodrinc 
of motion in a manner rather extenfive iFor 
an elementary work. The abftraft mode in which 
this fubjeft has been delivered, may poffibly have 
.deterred the novice from the ftudy of natural phi- 
. lofophy. Perhaps he expedled that after every 
theoretical chapter his attention fhbuld be relieved 
by fome experimental application o^ the doctrine. 
But if fuch had been the plan, either the work 
would have^ been protrafted to an immoderate 
length, or many ufeful branches of the theory would 
have been fupprefled. / 

The importance of the doArine of motion, and 
its being the foundation of aimoft all the pheno- 
mena of nature, were the motives which placed it 
before every other branch of natural philofophy, 
and the reader may perhaps be pleafed to hear, that 
whoever underftands the leading principles of the 
foregoing theory, will meet with very little difE' 
^Ity in the perufal of the following parts of phi- 
lofophy, 
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lofophy. He will alfo find ' that th« dodrihe of 
motion, which he may formerly have looked upon 
as a difficult aitd almoft a ufelefs fubjeft of fpecu- 
lation, is of general arid extenfive application. 
Every tool, every tngine of art, eveiy oecond- 
mical machine, all the inftruments of hufbandry, 
and of navigation, the celeftial bodies, &c. arc 
conftrudled, and adt conformably to the laws of 
motion. 

The knowledge of this doftrine anfweiV two ex-» 
tenfive objefts. It ferves to explain natural ap- 
pearances, and it furnilhes the human being with 
ufeful machines, which enable him "to accomplifli 
fuch efFefts, as witfiout that afliftahce would be 
utterly out of his power. — The application to na- 
tural phenomena will be inftanced iri almoft every 
chapter of this work.— The fecond objedt will be 
confidered immediately. ' 

Mechanics y in its full and extenfive meaning, is 
the fcience which treats of quantity ^ of extenfion^ and 
qi motion. Therefore it confiders the ftate of bodies 
either at reft or in motion. , That branch of it 
which confiders the ftate of bodies at reft, as their 
equilibrium when conneAed with one another, 
their preflure, weight, &c. is called Statics. Thit 
which treats of motion, is called Dynamics. Both ' 
thofe expreffions are, however, ufed in treating of 
folic} bodies; for the mechanics of fluids has two 
^^nOWHatioqs analogous to the ^bove. It is called 

Hydrojtatics^ 
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Hydrojtaiicsj When it treats of the equilibrium or 
^ tjuiefcfent ftate, and Hydrodynamics or Hydraulics^ 
when it treats of the motion, of fluids. 

What belongs exclusively to fluids will be no- 
ticed in the fecond part of thefe elements. The 
equilibrium of folids has been fufficiently examined 
in the preceding pages, and will be taken farther 
notice of in the following; (ince in treating, of mo- 
tion, of aftions, of forces, &c. it will naturally ap- 
* pear that when thofe forces are equal and^ oppofite 
to each other, an equilibrium takes place. 

The a&ive application of the doftrine of motion 
confifts in the confl:rud:ion of iiiachines for the 
purpofes of overcoming reiiftances, or of ipoving 
bodies. Thus if a man wifti to remove a ftone of 
a ton weight from a certain place, for which pur- 
pofehe finds his (brength inadequate, he makes ufe 
of a long pole, which being applied in a certain 
manner, adually enables him to move the done. 
Thu^ alfo another perfon may wifli to convey fome 
heavy article to the top of his houfe, he makes ufe 
' of a fet of. pullies with a rope, &c. and by that 
means eafily accomplifhes his objeft. 

Infinite is the number, and the variety of ma- 
chines; but they all confift of certain parts or Am- 
ple mechanifms, varioufly combined and conneded 
vwith each other. Of thofe fimple machines we oUi 

reckon no more than fix or at moft feven; viz. 

* J. 

tht Lever f the ff^Aeel and 4xle, the moveable P«/- 

Jejf 
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kj or SyPem cf Pulleys^ the Inclined P/ane, the 
fFedgCy and the Screv> *. 

The aftion or the effedt of every one of thofe 
mechanical powers, depends upon one and the famcv 
principle; which has been fully explained in chapter 
IV,V,and VI; but we (hall for the fake ofperfpionty^ 
briefly repeat it ih the following three or four para- 
graphs, wherein the attentive reader will find the 
principles or analyfis of all forts ^ machines. 

The force or momentuno of a body in motion^ 
is to. be derived not mdrely from its quantity of 
matter, or only from its velocity, but from both 
conjointly ; for the heavier any body is,, the greater 
power i» required to ftop it or to move it ; and on 
the -other hand the fwifter it mo\res> the greater h 
its force, or the ftronger oppofition muft be made 
to fkop it. Therefore, the force or momentumi^ ic 
the produft of the weight oir quantity of matter by 
|he velocity* Thus if a body weighing i o pounds 

. move 



♦ The writers onmcGhanics do not agree with refpeft to- 
die number of the mechanical powers* Some exclude the 
ifidined plane from the number ; whilft o^ers reckon it 
one of the principd, and eonfider die wedge and the fcrew 
ti only fpecies of it. The balance hasi been likewife reck^ 
muKl a peculiar mechanical power* But it has been- re*- 
Jested hy oth^es, either on account of its being nothing 
more than a kvcr^ or becaufe by the ufe of a balance no ad- 
ditional power IS obtained, which advantage ought in truth 
IH.be tte charai£teriftic property of a mechanical power. 
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move at the rate of la feet per fecond, and anothet 
body weighing 5 pounds move at the rate of 24 
feet per fecond, their ipomentums will be equal ; 
tliat is, ttiey \srill ftrike aii obftacle with equal force, 
or an equal power muft be exerted to flop them ; 
lor the prodaft of 10 ^jy 12, viz. 1 20, is equal to 
the produft of 5 by 24. . ' 

The forces of bodies adting on each other by the 
interpofition of machines is derived from the fame 
principle. Thus the two bodies A and B, fig. 1 1, 
Plate V. are connefted with each other by the in- 
terpofition of an inflexible rod AB (the fimplefl of 
all machines) which refls upon the prop •or fixed 
point F. If the rod^move out of its horizontal 
fituation into the oblique pofition CFE, the body 
, A will be* forced to' defcribe the arch AE, whilfl 
the body B defcribes the arch BC; and thofe 
arches, being defcribed in the fame time, will rc- 
prefent the velocities of thofe bodies refpeclively ; 
therefore, the momentum of A . is to tbe momen- 
tum of B, as the weight of A multiplied by the arch 
AE, is to the weight of B multiplied by the arch 
BC. 

The velocities of A and B are likewife reprefented 
by their diflances from F;- for the arches AE,BC, 
are as their radhi FA, FB. Thofe velocities are 
alfo reprefented by the perpendiculars EG,,CDj 

« 

for fince the triangles EFG, CDF, are equiangular 
and fimilar, (the angles at G and D being right, 
and th6fe at F being equal) we have EF to FC, as 

GE 
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GE to CD, Therefore the refpeftive momentanas 
of A and Bmay be reprefented either by AxAE, 
and BxBCj or by AkAF, and B X BF; . or laftly 
by Ax EG, and BxCD. 

Note. The laft expreffion is ufed when themo- 
tion of bodies that are To circumftancedj refults 
from the aftion of gravity ; viz. when one body re- 
cedes from, whilft the other approaches, the centre 
of the earth ; becaufe gravity a£ts in that direc- 
tion. 

This is the principle of all forts of mechanifms j fo 
that in pvery machine the following particulars mud 
be indifpenfably found, ifl. One or more bodies 
Inuft be moved one way, whUft one or more bodies 
move the contrary way. One of thofe bodies or 
fet$ of bodies is called the weighty and the other is 
called the powers or they may be caUed oppojkc 
powers, adly. If the produft of tlie weight of one 
of thofe powers, multiplied by the fpace it moves 
through in a certain time, be equal to the produ6t 
of the weight of the oppofite power multiplied by 
the fpace it mov^ through in the fame time ; then 
the oppofite mpmentums being equal, the machine 
will remain mptionleis^ But if one of thofe pro- 
du<5ts or moment ums exceeds the other, thea the 
former is faid to preponderate, and the machine 
will move in the direftion of the preponderating 
power;, whilftthe oppofite power will be forced tQ 
move the contrary way. And the preponderance 
i& reprefented by tjie excefs of one momentum oven 

the 
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the other; for inftance, if one of the abore-mcfl-» 
tioned products or moment urns be 24, and the 
other 12, then the forrper is faid to be double the 
latter ; or that the former is to the latter as two 
lb one. 

By a ftri6k adherence to f bofe particulars, the at- 
tentive reader will be enabled to eftitnate the 
power and effeft of every machine, excepting, how- 
ever, the obftraftidn which arifes from the impeN 
feftion of materials and of workmanfhip; as Will 
\ fully ap^ar from the following paragi-aphs. 

In the explanation of the properties of the nic- 
chanical powers, we fuppofe the rods, poles, planes, 
Topes, &c. to be deftitute of weight, rough nefs,ad- 
hefive property, and any imperfection; for when 
the propertips of thofe powers have been eftablilh- 
cd, we "riiaH theq point out the allowances proper 
to be made on the fcore of friftion, irregularity -of 
figure, &c, 

THE i,EVER* 

A kver is a bar of wood, or metal, or other 
iblid fubftance, one part of which is fupported by 
or refts againft a fleady prop, called the fulcrum^ 
about which, as the centre of motion, the lever is 
moveable. 

The ufe of this machine is to overcome a given 

obftacle, by means of a given power. — ^Thus if the 

ftone A, fig. 12, Plate V. weighing 1000 pounds, 

]fc)e required to be lifted up (fo as to pafs a rope un* 

3 dcr 
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der it, or fof fotoe othef purpafe), by means of 
the ordinary ftrcngth of a manj whiqk may be 
reckoned equal to loo pounds weight ; a p6le of 
lever CE is placed with one end under the ftone 
at E ; it is reftcd upon a ftone or other fteady body 
at B, and the man preflcs the lever down at C. In 
this cafe the man's ftrength is equal to the 
tenth part of the ftone's weight, therefore its ve- 
locity muft be ten tiftics greater thail that of the 
ftone ; that is, the partBCof the Icvet muft be ten 
times as l6ng as the part BE, in ofdef that the 
power and the weight may balance each other; 
and if CB is a little longer than ten times B£f, 
then the ftone will be raifed. Indeed in this cafe 
the part CB needs not be fo long; for as the ftone 
is not to be entirdy lifted from the gnwnd, a 
kffir momentum is required on the part of thd 
power at C 

In general, to find the proper length of the lever, 
we need only multiply the weight by that part of 
the kver which is between it ahd the fukmm; 
and divide the produft by the power; for thd 
quotient will be the length BC, which is neceflary 
to form an equilibrium, and of coutfe a little mot6 
than that length will be fufficient to overcome th6 
obft:acle. 

If when the length of the lever is given, you 
wiffi to find what power will.be neceflarj^ to over- 
come a known obftacle or weight ; multiply the 
weight by that part of the lever which is between 

"VOL. I, Q it 
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it and the fulcrum, then divide the prpduft hy 
the other part of the lever, and the quotient is the 
anfwer. 

The poffible different fituations of the, weight, the 
fulcrum, and the power, are not more than three i 
hence arife three kinds ^ fevers ; . to all of which, 
however, the preceding calculations are equally ap- 
plicable» Thofe (pecies are, i » when the fulcrum 
is placed between the weight and the power, as 
the one already defcribed. a. When the ful- 
crum is at one end, the power at the other end, 
and the weight between them^ as in fig. L3, Plate 
V. And 3. When the fulcrum is at one end, the. 
weight at. the othe^ end, and the power between 
them, as in fig. i4yTlate V. 

Some writers add a fourth fpecjes, viz. the bent 
lever ; but as this differs only in fhape from the 
ethers, it does not conflitute a proper difference of 
kind. k 

f 

Hitherto we have fuppofed that the weight and 
the power aft in direftions perpendicular to thc; 
jrms of the lever; but when this is not the cafe,, 
the diftances of the power and of the weight from the 
centrct^of motion muft not be reckoned by the 
diftances of the points of fufpenfion from that 
centre, but by the lengths of the perpendiculars, let 
fall, from the centre of motion- pn the lines of the 
direftion of the forces. For inftance, in fig. 15, 
Pla,te y, the ppwer at. P, afts by means of. the 
ftring PB, on the end B of the lever, in adireftioa 

.. .BP, 
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PB, oblique to the lever ; and in eftimating the 
momentum of the power, you rfiuft multiply the 
force or power applied to the firing, not by the 
length CB, but by the length CD, of the perpen- 
dicular, let fall from the centre of motion C, on the 
line BP, which is the //«^ ofdireSion of the po^yer. 

Thus alfo^in the bent lever ABC, fig. 16, Plate 
V. whofe' centre of motion is at B ; the momentums 
of D and E are the weight of D multiplied by 
BG, and the weight of E multiplied by BF. The 
reafon of the lafb remark is eafily derived from the 
compofition and refolution of forces (fee chap, VIII.) 
Therefore we may in general fay, that in any fort of 
lever ^ md in whatever direilions the power and the 
weight a3 on ity if their quantities be inverfely as the 
perpendiculars kt fall from the centre of motion on their 
ref^Sive directions ^ they will be in equilibria ; that is, 
balance each other. 

It will be hardly neceffary to remark, that when 
the lever is loaded with feveral weights at diflTerent 
diftahce§ from the centre of motion the momen- 
tum on each fide of the centre of motion is equal 
to the fum of the produ3:s of all the weights on 
that fide multiplied each by its diftance from thp 
centre of motion. Urns in fig. 17, Plate V. the 
motnentum X}{ the fide AD is equal to the fujDi of 
the produfts of E multiplied by DA, F multiplied 
by G A, and H multiplied by OA ; and the mo- 
mentum of the fide AB is equal to the fum of C - 
multiplied by BA, and K multiplied by LA. 

Q 2 Th« 
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The ufc of the lever is fo general and fo extcnfive, 
that levers of all forts and varieties are to be found 
in almofteverjr mechanifm;*~in the works of na- 
ture as well as thofe ci human ingenuity. , 

The bones rf a human arm, AC, fig. 1 8, Plate 
V. and indeed the greatcft number of the nu)vc- 
able bones of animals, are levers of th^ third kind. 
In fig. 18, D is the centre of motion; the power 
(viz. the infertion of the mufcle ,BC, the contradion 
of which moves the arm) is at C, and the fefFed is 
produced, or the weight is lifted, at A. 

In this natural lever the power is not advantage- 
oufly fituated ; for as it lies Very near the centre 
of motion, it muft be much gJ-eater than the weight 
which is to be lifted at A. But the lofs of power 
is abundantly compenfated by otbi&r advantages, 
the principal of which is the compaSincfs oi the 
limb. 

The iron croWy fig. 1 9, Plate V. which is com- 
monly ufed by carpenters, blackfmiths, ftone-ma- 
fons, &c. is a bent lever, flattened at A. It is bent 
a little in order that the weight may be kfs apt to 
flip off ; and it is Jflattened for the purpofe of its 
being more eafily admitted into narrow crevices. 

The common balance^ fig. ao, Plate V. pr pair of 
fcaleg, is a lever, whofe fulcrum or centre of motion 
is- in the middle, and the weights are fufpended at 
the two extremities ; bwt as thofe extremities are 
equfdiflafit froin the fukrum, the velocities of the 
weights are equal j and of courfe when. neither end 
pf* the beam preponderates, the oppofite weights 
9 • mull 
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muft be equal ; but when one of the weights ex- 
ceeds the other,, then that arm to which the former 
is fufpended^ will defcend, &c. And this is all the 
ufe that can be made of the balance, viz. to find 
when two weights are equal or unequal*. 



* Common balances are fubj.e£t many iiQperfe£)ion% 
Ae principal of which are as follows : 

lit. A balance is frequently in equilibrio^ when the oppor 
fite weights in its fcales are not equal* This arifes from , 
the points of fufpeniion being not equidiftant froth the 
centre of motion ; in which cafe the empty fcales may be 
made to balance each other ; yet when equal weights are 
put in them, thc^e weights will not balance eadi other ; (ot 
as they are fufpended at unequal diftances froni the centre of . 
motion» their mom^ntums 9jre adually unequal* 

adly. The beam is frequently, made too flight ; in which 
cafe it is apt to be bent more or lefs by the weights that 
are put intp the fcales ; and of cqurfe the apparent equili* 
brium cannot be depended u^n. 

3dly. Balances feldom are fufficiently fenfible* This 
defe£t arifes frdm various caufes, as from the great weight 
of the beamy from roughnefs and friction at the point of 
fufpenfion, from the centre of gravity of the beam being 
confiderably belovy the centre of motion, &c. 
. Balances have been made in this country and elfewhere^ 
of a wonderful degree of fenfibility ; viz. capable of having 
their equilibrium difturbed by fo fmall a quantity as r goSdotf 
part of die weight in each fcale. See the Journal de Phiftquej 
voi. 33d. and the Phil, TranC for the year 1798, p, ofi. 
And I hare heard of Icales even of a greater degree of fen- 
fibility. ' 

. _ . , Q3 The 
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The fieelyard^ fig. 21, Plate V. (which many 
writers called by the latin nsLXXX^ftatera romana) is 
a lever of the firft kind» whole fulcrum or centre 
of motion is at A; thewei^t B is fufpended al- 
ways at the fame diflance CA from the centre of 
motion ; but the power or counterpoife £ may be 
Shifted' from one point to another all along the arm. 
AD ; by which means a great variety of weights 
may be balanced by the fame counterpoife £, who(e 
momentum increafes in the proportion of its. dif«- 
tance from A. The whole length of the arm AD 
is marked with numbered divifions, each of which 
indicates the weight of B, which is balanced by 
the counterpoife £, when £ is placed at that par- 
ticular divinbn. Thofe divifions are afcertained by 
trial ; for the two arms of the fleelyard being un- 
equal in weighty their mbmentums, when loaden 
with the weights B and E, cannot be eftimated 
merely by the prpdufts of thofe weights multiplied 
each by its diftance from A. 

The fleelyard was rendered more perfect by Mr. 
B. Martin, a philofbphical inflrument maker of very 
diftinguiflied ability, who fixed a weight C to the 
fliort end of the beam (as is (hewn in fig' 22, Plate 
V.) capable of juft balancing the oppofite arm AD -, 
in which cafe the momentums of E and B are 
equal to their weights multiplied by their relpeftive 
diftances from A; confequently the divifions on 
the arm AD may be eafily determined by mea- 
furement. 

When 
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When a lever is fupported at its two extremities 
A and C, %. 23, Plate V. and the weight W i$ 
fufpended at a point B between A and C, thofe 
two points A and, C may be alternately confidered 
one as the power and the other as the .fulcrum*; 
from which confideration it appears that the pro- 
portion of the weight which is fupported by one of 
thofe props, is to the other in the inverfe propor- 
tion of the diftances AB, BC ; hence when a weight 
is carried by means of a pole between two qien, in 
the manner commonly pra&ifed by draymen when 
they carry a cafk of beer, the weight may be made 
to bear border upon one of the men tlian upon the 
other ; by placing it nearer to the one than to the 
other. 

THE WHEEL AND AXLE. 

The wheel and axle (by fome called axis in pe- 
ritrocklo) confifts of a cylinder, AB, fig. i, Plate 
VI. and a wheel DF fattened to the cylinder, and 
all moveable round tlie common axis, vs^ii^h is fup- 
ported at its two ends B and G, 

In this mechanical power, the weight C is raifed 
by a rope which coils about the axle, and the power 
E is applied to the circumference of _the wheel. 
Here it is plain that the velocity of the weight is 
to the velocity of the power, as the circumference 
of the axis is to the circumference of the wheel, or 
(becaufe circles are as their diameters) as the dia- 
meter of the axle is to the diameter of the wheel ; 

Q 4 hence 
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hence the equilibrium in this mechanifm takes place 

when the weight of E is to the weight of C, as 

the diameter of the axle is to the diameter of the 

wheel. 

Iiiftead of the power E, the wheel may be fiir- 
nifhed with little handles or fpokes, as reprefented 
in the figure, which may be moved by hand. Or 
long fpokes may be fixed through the axis, and the 
hands pf one or more men may be applied to the 
ends of thofe Ipokes, as in fig. 2, for the effe£t will 
be the fame as if there were a wheel ; which is fo 
evident as not to need any farther illuftration. 

Cranes for railing great weights, capfians, and 
windlafs, fuch as are ufed on bdard of (hips, are 
engines of this fort. 

Fig. 3, Plate VI. reprefents a very powerful en- 
gine, nearly of this fort. ABKI, and CIDH, arc 
two cylinders of unequal diameters, (but the dif- 
ference of thofe diameters muft not be very great) 
firmly connedled together and moveable by means 
of the handle F round the common axis EG, whofe 
extremities reft upon two fupports. The fame 
rope is fattened with one end at D, and is wound 
round the fmall cylinder CD; then it defcends and 
paffes round the pulley Z, to the frame of which 
the weight W is fufpended ; and laftly, the other 
end of the rope is fattened at A to the larger cy- 
linder." Now by moving the cylinders round, the 
rope will jupwind itfelf from the fmall cylinder, and 
will coil itfelf round the large cylinder, as is clearly 

fliewn 
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Ihewn by fig. 4, which reprefcnts the cylinders as 
feen by an eye placed in the diredion of the axis. 
If the cylinders were of et^ual diameters, the lower 
part Z of the rope, or the weight W which is fuf- 
pended to it, would not be moved ; for in that cafe, 
as much of the rope a^ is difengaged from one cy- 
linder at each revolution,\would be coiled round, 
the other cylinder j but the cylinders being of un- 
equal diameters, it is evident that at each' revolu- 
tion pf the handle F, more of the rope will be 
coiled round the cylinder ABIK than will be dif- 
engaged from the cylinder CDIH; and of courfe 
the weight W will be raifed. 

THE MOVEABLE PULLEY, OR SYSTEM OF 

PULLEYS. 

The pulley is a thick cii:cular piece of wood, or 
metal, or other folid matter, moveable round a 
centre pin or axis, which is fixed in a block or 
frame, in the manner reprefented by A. fig. 5, 
Plate VI. In this fig. the frame is fafiiened to a 
fteady beam i a rope is pafled over the pulley, to 
one end of which the weight W is fufpended, and 
the power P is applied to the other end of the rope. 
In this cafe it is evident, that in order to raife the 
weight, the power P muft move downwards as much 
as the weight W moves u[>wardsi or in other words, 
that their velocities are equal; hence no advantage 
is gainid by this mechanifm, excepting the con- 
vcniency of changing the direftion gf the motion ; 

fo 
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fp that the aftion of this pulley is exadly analagous 
to that of the balance. Therefore the third mc^ 
chanical power is not faid to be the pulley in ge- 
iieral, but it is faid to confift of a moveable pulley, 
or moveable pulleys, as fhewn in the figures 6, 7, and 
8, Plate VL for in thofe cafes, power is evidently 
gained. 

In fig. 6, the rope is feftencd to the hook at F; 
it paflcs round the pulley BD, to the block of which 
the weight W is fufpended, and is then held by the 
power at E. When the power pulls the rope, the 
block, with the weight, are raifed, and the rope is 
(hortened on both fides; for inftance, when the 
pulley, block, &c. are at the dotted fituation m, 
the rope has been fliortened of the lengths AB» 
CD; .viz. double the height mD, and that quantity 
of rope has been drawn by the power; therefore in 
order to pull the weight up from the fituation W 
to that of the dotted reprefentation, the power muft 
have moved through twice that fpace; that is, 
with double the velocity of the weight; hence the 
equilibrium in this cafe takes place when the power 
ii^ to the weight as one is to two, 

F;g. 7, reprefents the fame cafe, excepting only 
that in this the diredtion of the power E is changed 
by the interpofition of a fixed pulley F; fo that if 
W weigh two pounds, the power, or oppofite weight 
E, muft weigh one pound to balance it ; and then, 
if a little more weight be added to E, th<> weight 
W will be raifed. [ ' ■ 

In 
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In fig. 8, there is a block or frame containing 
three pulleys, and having the weight W.faftened to 
its hook ; there is alfo another block fadened tp a 
fteady beam, and containing three other pxilleys. 
The fame rope paiTes through them all, and is fas- 
tened with one end to the upper block, whilft jhc 
power £ is applied to its other end. Here it is 
evident, that in railing the weight, the rope muft 
be (hortcned at a^ b^ r, </, ^, and/; viz. fix times 
as much as the weight is raifed ; and of courfe the , 
power E muft move with fix times the velocity of 
the weigliti therefore the 'equilibrium takes place 
when E is the fixth part of W j viz. if W weighs 
fix pounds, E needs not weigh more than one? 
pound, in order to balance the weight W ; but if 
E weigh a little more, than- one pound, then the 
weight W will be raifed*. • The like jeafoning may 
be extended to any other number of pulleys. 

Fig. 

♦ The circumferences of pulleys are generally grooved, 
or hoHowed, in order to receive and retain the rope. The 
axis, or centre pin, is fometimes fixed to the block, and tho 
pulley moves round it ; and at other times the axis is fijced 
in Ae pulley, and its two ends move in two holes made ia 
the block. 

A great degree qf friftion is the principal defeft to which 

this mechanical power is liable, and which arifes from three 

caufes; viz. from the diameter of the axis bearing a con« 

fiderab*e proportion to that of the pulley, from t^ie pqlley's 

rubbing againft the^ fides of the block, and from the ropes 

Aot being fuifficiemly pliable. 

The 
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Fig. 9, of Plate VI. reprefents arwther variety of 
this mechanical .power. It confifts of one fixt, and 
one moveable pulley; but in faft each of thofe 
pulleys performs the office of three pulleys, fiwr it 
confifts of three grooves of unequal diameters, as is 
fhewnby the lateral reprefentation of one of them 
at R. The fame rope which is feftpncd with one 
extremity to one of the blocks, paffes fucccffively 
over the fix grooves, and the power is applied at 
its other end E. 

In order to ianderftand the aftion of this con- 
ftrudion, it muft be confidered, that in the com- 
bination of fig. 8, where the pulleys are all of the 
fame diameter, each pulley muft move fafter than 
the preceding pulley, becaufe a greater length of 
rope muft pafs over each pulley than over the pre- 
ceding pulley, as may be eafily comprehended by 

in{pefting 



The principal contrivances, which have been made for 
the purpofe of dlminifhing thofe caufes of obftrudlion, will 
be mentioned in the pext chapter. 

In the defcription of this mechanical power we have con- 
fidered the ropes as afting always perpendicular to the 
horizon 5 but when that is not the cafe, as for inftance, it 
would be, if in fig. 7, Plate VI. the hook S and the pulley 
F were placed at a greater diftance from each other; then 
the velocity of the weight is to be eftimated not by . the 
length of the rope which is drawn, but by the perpendi-^ 
cular height to which the weight is raifed. And the fame 
thing muft be uuderftood with refpe£t to the dire^gn of 
the power.' 



\ 

\ 
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infpeding fig, the 7th, where it is evideat^ that if 

the weight be jaifed one foot, the ropes muft be 

fboitehed of a foot each, viz. a foot from B to A, 

and another foot from D to C ; hence whilft the 

length A B paffcs over the pulley B D, twice that 

length muft pafs over the puUey F ; fo that the 

pulley F, ifjcqual.in diameter to BD, muft make 

two resolutions, whilft the pulley BD makes one 

revolution. It is • alfo evident, that if the pulley ^ 

F were of double the circumference, or, which is 

the fame thing, of doable the diameter of BD, then 

each of t;be pulleys wotdd make one revolution ia 

the fame time. Now returning to the conftrudion 

of fig. 9, it will be eafily comprehended, that as 

the three grooves of the upper pulley, as aMb the 

three of the lower pulley, belong to one folid body, 

they muft revolve in the iame t'mie; therefore^ 

their (£ameters, or their circumferences, muft bt 

made in the proportion of the quantity of rope, 

wluch muft pafs over them in the fame time. 

Thus whilft one foot length of the rope pafTes oyer 

the firft groove ^, two feet of rope muft pafs oVer 

the fccond groove ^, three feet of rope muft pafs 

over the third groove cl and fo forth. Therefore, 

tlie diameter of the fecond groove ^, muft be twice 

Ae diameter of the firft groove a ^ the diameter of 

the third groove r, muft be three times that of tiie 

firft a ; the diameter of the fourth groove dy muft 

be four times that of ai &c. or, in other words, 

the 
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the diameters of the grooves /?, ^, r,'V, e^fi mufl 
be in arithmetic progreffion ; the difference of the 
terms being equal to the diameter of the firft or 
fmalleft groove; 

It is.evident, that in this conftruiftion, in order to 
raife the weight, fix ropes muft be (hortencd, and 
of courfe the power muft move through fix times 
the fpace ttat the weight moves through, confe- 
quently the equilibrium takes place when the power 
is equal to the fixth part of the weight W. 

The principii advantage which is attributed to 
this conftruftioh, is the redudtion of fridlion; for 
in this, there ^e only two a^es and four furfaces 
which rub againft the blocks ; whereas in the con- 
ftrudtion of fig. 8, where the pulleys are all fepa- 
late, there are fix axes and iz furfaces which rub 
againft the blocks. But, in my opinion, this ad- 
vantage is more tlian compenlated by the imper- 
fections which are peculiar to this cpnftrudtion ^ 
for, in the firft place,- if the grooves are not made 
cxaftly irx, arithmetic progreffion, or if they be- 
come other^jfe by, the accumulation of dirt, &c» 
then the rop^muft^ partly Aide over them, which 
will occafion a cdiifiderabl<^ degree of fridlionj 
and feqondly, even when the grooves are of the 
proper dinienfions, if the rope happens to ftretch 
more in one place than in another, which is gene- 
rally the cafe, then the above-mentioned Aiding 
and fridioa will alfo take place. 



THE 
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THE INCLINElp PLANE. 

A plane fuperficies inclined to the horizog; is 
another mechanical power ; its ufe being to raife 
weights from one level to another, by the applica- 
tion of much lefs forte than would be neceflary to 
raife them perpendicularly. Thu$ in fig. ip, Plate 
VI. AB reprefents a plane inclined to the horizon- 
tal plane AC ; where if the weight D be rolled up- 
wards, from A to B, the force neceflary for the pur- 
pofe will be found to 'be much lefs than that 
which would be required to raife- it du^edly and 
peipendicularly from C to B. 
. In this cafe the efFeft which is produced, con- 
fifb in the railing of the weight from the level of 
AC to the level of B 9 but to effed this, the power 
mtift have moved from A to 3 > (for the power 
ads in that diredioo., whilfl the weight or gravity 
of the body ads in the ditedion of the perpendi- 
cular CB;) therefore .the velocity of the weight in 
thi? engine, being to the velocity of the power, as 
peipendtcular height BC of the plane is to its 
length AB, the equilibrium takes place when the 
weiglht is to the power, as the length of the plane 
is .to its perpendicular height. 

This property may be clearly (hewn by the fol- 
bwing experiment :•— Let AB, fig. 11, Plate VI.' 
be a plane moveable upon the horizontal plane AC ; 
viz* (b as to admit of its being placed at ^iny re<^ 

•quired 
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quired angle of inclination, which is eafily accom- 
pliftied by means of a hinge at A, and a prop be- 
tween the two planes. . The upper part of the 
plane muft be furniflied with a pulley B, over 
which a firing may eafily run. . Let the cylin- 
.^ drical weight D be made to turn upon (lender pins 
in the frame F, in which the hook ,e is fattened with 
a firing ^BH, which pfaiSngover the pulley B, holds 
the weight E fufpended at its other extremity.— 
The pulley fhould be fituated fo that the rope^B, 
may be parallel to the plane. 

This plane may be fixed at any angle of incli- 
nation, and it will always be found, that if the 
weight Qf the body £ be to the weight of the 
body D, together with that of its frame F, as the 
perpendicular height CB of the plane is to its length 
AB, the power E will jufl fupport the cylinder D, 
with its frame F upon the plane, and th© Icafl 
touch of a finger will caufc the cylinder D to afcend 
or defcend ; the counterpcnfe or power E moving 
at the latne time the contrary^ way. 

It is evident, that tlie fmallet the angle of incli- 
nation is, the Icfs force is required to dmw up the 
weight D ; ind of courfe when the angle of incli- 
nation vanilhes of becomes nothing, the leafl force 
will be fufHcient to move the body ; that is^ when 
the plane AB becomes parallel to the horizon, or 
upon an horizontal plane, the heaviefl body might 
bo»moved with the leaft power, were it not for the 

fridlion 
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friflion, which is occafioned by the irregularity of 
the contiguous {\xxfiCtiy &c. (i.) 
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(i.) The above-mentioned explanation of the property of 
ibe inclined plane, applies 6nly to one dire3ioii of the 
^wer; naively when the power a% in a direflion parallel 
t».tfae planar hut the genend theoiy will Be foiind' in th« 
following propofition : 

Whin a Uij §f\jiighf fF it fttftatnei upon- a fiAne^ 
which is inclined ta tie horizon', vi%. when* the- power P\if 
juft fufflcient t^ balance^ the weight uppn that planer then the 
flower is to the weighty ds^hejine- of the planers inclination- is. 
tithe fine which the direSftiinof the power makes with a line 
perpendicular to the plane. \ 

XetAB'fig. 12, Plate VI.be the plane inclined' to the 
bdtisiitMl AC, and let a weight at O be flippbrted partly by 
ffte plane, and partly by a ^yftt wliich aiSs in-did direcfioA 
OV. Through O draw EfOC perpendicular to AB, and 
atCi/VrtftfcEC meets^die Horizdntal'planei ereiS^ CV piiP* 
pendlbtitar to the horizon, to meet die direftfon- of tHo 
ptoWctaiatV. 

K6W thfe body'W, fitiiated at O, is balanced, err Icept^ at 
rfcfti tiy three powers, which (fife prop. IV; chapi VHI^^) 
bk^e the fame proportion to each other as have thcfrigKt 
Ihibif parallel to their refpe£dve diredloiis, and termihati^'d 
bydieir mutual concurfe; namely^ by the pow^r which ii 
aft' Ox » by the gravitating power, which isas'VG; and 
liy the r^aSion of the plane, which is as' OCj hence tift 
^ykti is to the weight, viz. P 2 W : : OV : VC\ or (fihcfe 
t&e'li^6's of plane triangl6s are as tite fines of tHeir'oppofTte 
angles) P^. W : : (In. OC V, or B AC : (for thoft angles arc 
equal fihcc the right-angled triangles BOC, and^ JfAC 

- VOL. I. R hive 
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THE WEDGE» 

^ The wedge has be6n juftly confidcred as a fpe- 
cies of inclined plane j for it confifts of two 

' V inclined 

h^ye,a cpmmon angle at B) : fin. VOE, or VOC > for thrfc 
angles being the complement of each other to two right 
angles, have the fame fine. 

From this proportion the following corollaries are evi- 
dently deduced : 

X. Since P : W : : fin. B A C : fin. V O C; it 

will be P : - — !_- :: W : _J_-. j therefore if the 
. fin. VOC fin. BAG 

weight W, and the inclination of the plane, or fin. BAG 

remain the feme, the. power muft increafe or decreafe in- 

verfely as the fine of VOG ; hence when the direflion of the 

jpower IS perpendicular to EC, or parallel, to the plane AB, 

^hen the fine of VOG, being the fine of a right angle, is 

the:greateft fine ppffible, and, of courfe in that cafe the 

power P, which is required to fuftain the weight W^ is the 

leaft poffible; or, which amounts to the fame thing, then^ 

the^reatefl: weight may be fuftained by a given power. 

Alfo when the dirc£Uon of the power coincides with OG> 

? namely when the power a£ls in a dire^ion perpendicular 
to the plane, then the angle VOG vaniflies, and the power 

" muft Ke. infipi tei y great. 

^"'' 2. If the diredlion of the power be parallel to, or coin- 

* cid'e withythe plane, then the equilibrium takes place when 
'the power is to the weight :: OB : BG : : (EucLp. 8. 
"fi; VI.) BC : BA j viz, as the elevation of the plane is to 

• its jeft^th j-'or as the fine of its inclination is to radius.'. 

-^ ' ^ §. ^fthedfrcSlibn of the power be OR ; that is, parallel 
' to the horizon, then the equilibrium takes place when, the 

power 
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intlined planes joined bafe tcJ bafe, as (hewn in 
fig. ly Plate VIL where AB or GC is the thick- 
nefs of the wedge at its back, 'upon which the force 
Dr power is applied (be it the ftroke of a mallet, or 
any other prcflure) ; the middle line FD is the axis 
or height of the wedge; DG and DC are the 
lengths of its flant fides; and OD is its edge, 
which is to hh forced into the wood or other folid : 
(ince the u{e of this inftrument is for cleaving of 
wood, (lone, and other folid fubftances ; or, in ge- 
neral, for feparating any two contiguous furfaces. 



Mmriiki 



power is to the weight : : OR : CR : : (fince the triangles 
ORG and BAG are fimilar) BC : CA; viz, as the eleva- 
tion of the plane is to its bale. 

4. The power muft fuftain the whole weight, when its 
diredion is perpendicular to the horizon* 

5. The power is to the preiTuI^ on the plane!: OV : 
OC ; : fin. OCV : fin. OVC : : fin. BAG : fin. OVG. 

6. The preceding analogy,by alternation, becomes P : fin. 
BAG : : pfeff. : fin. OVG, fi-om which it appears that when 
the power and the incllnatipn of the plane, or angle BAG, 
remain invariable, the preffure on the plane muft increafe or 
decreafe according' as the fine of OVG increafes or dc- 
creafes ; therefore when the diredion of the power is pa-* 
rallel to the bafe, and OVC becomes a right angle, whofe 
fine is the greateft, then ihe prefliire on the plane will like- 
wife be greateft. 

7. When the dlreflidn of the power is parallel to the 
plane, P : preffure : : OB : OG : : BG : AG, 

' 8w When the direftion of the power is parallel to the 
bafe AC, then ? : preffure : : OR : OG ; ; BC : BA. 

H 2 Hence 
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Hence its aj^lication is very exteniive, and in faj^f 
fciflats, knives^ nails, chifels, hatchets, &c. arc 
nothing but wedges under different fliapes.- 

Stridly fpeakmg, in the. g^metrical language, a 
wedge may be called a triaugular pri/m ; for it may 
be conceived to be generated by the motion of a 
plane triangle in a diredion par^lel to itfelf, as that 
of the triangle GCD, from GCD to ABO. And 
it is called an ifofceles oxfcalene wec^e, according as 
the generating triangle, or ^e, GCD, is ifofceles 
oxfcdkne. 

The ^dion of the wedge, is evidently derived 
from that of the inclined plane ; yet a variety of 
circumftances has rendered the inveftigation of the 
power of the wedge more perplexing than tliat of 
any other mechanical power *. 

The moft rational theory fhews, i, TAatwken 
the preffures on thefide^of the ifofceles wedge are equal 
and aS in direSions perpendicular to thofe Jides^ the 
equilibrium takes place^ when the force on the back of 
the wedge is to thefum of the prefjures on thefides^ a^ 
GF, inz. half the thicknefs of the backy is to either of 
its flant fides y GD, or CD. 2. T^hat when theprej- 



* The proportion between the power, which isappMcJ 
CO die back of the wedge^ and the efFedt which is produced 
on the fides, h^ been ftated differently by different authors. 
Thofe who wifli to examine* the reafons of thofe different. 
opinions, may confult Rownin^s Comp. Syfti of Phil. ?• I» 
i:h»p. 10 9 ^pALudlatjfs Mathim. EJayr.] 



Of the Mechanical Powers. 245 

Jures are equals but aSl in direSlions equally inclined to 
the fides of the ifofceles wedge^ the equilibrium takes 
place when the force on the back is to thefum of the 
refijiances upon the fides y as the produH of the fine of 
haff the vertical angle GDC of the wedge ^ multiplied 
ty -the fine vf the angle which the direSions ofihe re^ ' 
fifiitHces make with the fides^ to the fquare of radius. 
And 3, that when in a fcaleni wedge three forces aEl^ 
iUg j^pendiculdrfy upon its three fides^ keep each other 
in eqmlibrioj thofe three fortes are refpeSively propor^ 
iional to the fides. 

The three parts oif this pn^fition will be found 
detnonftrated in the note (2), 

From 



(1) In order to detnonftrate the iirft part of the above-^ 
mentioned propofitibn, let AKD, fig. 2, Plate VIL repre* 
lent die hci of anifoTceles wedge, i aiid E are two obftacles^ 
wbidi ^fi iipon ib two fides in diredions peipendictilar to 
diofe fides. Suppofe the. wedge to be impelled downwards 
as flur as the dotted reprefeiitacioii GLF, in confequence of 
which At dbftades B aiid E muft be driven to the places 
O and M. Throu^ O and M di^aw OI aiid MQ^pa- 
' Ullel to the middle line or. axis CD of the wedge ; which 
liHe^ will meet thofe fides in two points I, Q. Join I, Q3 
as alfo O, M, widi the lines IQ,, OM. Then it is evident 
from the paralldifm of the liiies, that OM is eqiial to IQ^; 
heflce the part IQ;of the wedge muft have advanced as far 
^tt OM i therefore YN, or lO, or QM, reprefents the ve- 
locity of the wedge (diat is of the power) ; whilft BO and 
£M reprdTeitt die velocities of the obftacles, 

E 3 Now 
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' From this it follows that by the addition of a 
little more force on the back of the wedge, than 
that which is fufficient to form the equiUbrium, 

the refiftances will be overcome, &c. 

It 



Now the triangles lOB, and ACD arc equiangujar; 
(the angles at C and B being right, and the angle BIO 
equal to CD A.; EucI, p. %(), and 32. B. I.) and of coi^rfe 
fimilar (EucL p. 4. B. VI.) therefore confidering half the 
wedge and one obftacle, O B : O I : : A C : A D ; ' tliat 
is, the velocfLy of the obftacle B is to the velocity of the 
power, as half the thicknefs of the wedge is to jts flant fide. 
Likewife for the fame reaj(9ns we fay that. the velocity of the 
prefling obftacle E is to that of ihc power, as half the 
thicknefs of the wedge is to its flant fide. Therefore, by 
adding thofe proportional quantities, we fay ^hat the velocity 
cf the obftacle B plus the velocity of the other obftacle E, 
is to the velocity of twice the half wedge, (viz. of the 
whole wedge) as the whole length AK of. the back, is to 
the fum of the fides AD, DKj or as half the length of the 
back is to one fide. 

But when oppofite powers, which a£l: upon each other, 
are inverfely as their velocities, they form an equilibriums 
therefore when the power on the back of the- wedge is tot 
the fum of the refiftances on the fides, as half the length of 
the back is to one flant fide, the wedge remains motionlefs, 
which is the firft part of the propofition. 

In order to prove the fecond part of the propofition ; let 
ABC, fig. 3, Plate VII. be the face of an ifofceles wedge, 
HC its height or middle line, E and e twoobflacles which 
prefs upon, or are to.be removed, in. the directions EF, ef 
equally inclined to the fides of tlic wedge^ . Let the force, 

reprefentcc^ 
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It alfo appears that the fmaller the angle GDC 

is, the Icfs force will be required tb <Iriv^ the wedge- 

into any folid fubftance. • ' - ' -. ' 

VWe 



reprefenteil by the line EF, be rcfolved into two other forces; 
viz. FD parallel, and DE perpendicular, to AC; then the 
iformer of thofe forces, being parallel to the fide of the wedge, 
cannot have any power upon it; therefore the original force . 
EF wll have juft the fame effe<9: upon the wedge as. the 
Icflar perpendicular force DE; the former being to the 
latter as radius to the fine of the inclination of the force EF 
to the fide AC. But, by the firft part of this propofition, 
this perpendicular force DE is to the power on the back of 
the wedge which balances it, as AC is to AH, or as radius 
to the fine of the angle ACH, (viz. half the angle. a.t the 

vertex of the wedge) therefore, by compounding thofe ration 

^^ ^^ ^^ « • « t ... 

EF X ED : power on the back x ED : : force EF ; ppwer 
on the back : : fquare of radius : fine of half the. Vicrtip^ 
angles fine of the inclination of the refiftance. i -., 

The oblique force efon the other fide_of the wedge, being 
equal to EF, will require another power equal to the former 
on the back of the wedge, to balance it ; therefore the funi 
of the refiftances on the fides of the wedge is to the whole 
power on the back, as the fquare of radius is to the product 
of the -fine of half the vertical angle multiplied by the fine of 
the inclination of the refiftances to the fides of the wedge, v ^ 

In order/ to prove thelaft part of the propofitipn, let GD, 
GF, andGE, fig.. 4^ Plate VII. reprefent the direfliipns of 
^e three forces perpendicular to the fides of the fca.lene 
wedge' ABC* Produce E G ftraight towards O, and 
through F draw FO parallel to DG. . Then fmce thofe' 
tkree fwrces balance cachjother, they muft be (by prop. I^, 

B 4 .of 



We ihaH 4jrflly iobfeiyc, dut when the wood 
if&t& l^\wf ihpt^e. xA ^ wedgs^ as is lhe,wn by 
fig, 5, Plate VII. which is gewraliy the qkfe ; then 
thf fide of the wedge muft be confidered as equal 
to either fide of the cleft ; for in fad if we fuppofc 
that the wedee is leneiheoed downwards to the. 
^ry ^e]^ of the defti the efifed will be .the (aaae. 

th;b screw. 

TJae fcnew is the Jaft i^ech^mc^ power th^ re- 
mains t0 be dfifotibed. Tdiis is Ukewife tcoinfidecfid 
as a ^cies of incKned planes it being in iaS: no* 

thing 

....■-. . ■■...' ; . . . : ■ . .• ' 

d[ chap. yJ^.) refpe^tiirelgp pvpportioiul to ^e tfaMf^ 
fi^css cf the triangle, QOF^ imt this triangle GQF k 
C|^uiai}gular|^ and tber^poe^^Eficl. j>. 4* B^ VL) fiinil^ryto 
fbe trianglf^ ABC; therefore the tiburee forces are likewise 
re(pe£lively proportional to the three £des of the tciaHgle ^. 
wedge ABC. 

The tiia/iglcs GQ? and ABC are equiangular; £>rtbe. 
fpur at^les of the quatrilatexal i^ure AEGF are equal tp 
^ur i^gl^ angles (£ud. p. jz. B. I.) and fince the angles 
at £ and t are rjig^ih^ two apgles FAE and FGI) inuft 
^ e^ual to two fight anglesi that is, equal to FG£ plus 
FGP^ Tiierefare taking away the conxmon apgle FGE^ 
thcie remains die aq^Ie FAE equal tp'FGO, Alfo in the, 
like rnann^r is proved that the ar^le D8E is eqo^ to the 
im^le OGD, and likewife e^al (Euci, p. 29. B% L) t(» 
IpG. Andiincetbe two angles at O and G of the ttfi^, 
angle FGO are refpedrvely e^goal to th^ two angles at A 
and B of the triangles ABC ; tbe tl^^ angle of the (ofm^t 
mitH be equal to the third ai^le of the latter. 
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thing |XK)ne -than au intlined plane coiled round a 
cj^linder ; and the nvX or pfrfprated body which 
moves up or down a fcrcw, moves up or down an/ 
indineii plane in a circular, inftead of -^ redili^ 
near, dire<Slion. ' 

Either the fcrcw A n^y he mpved forwards and 
bapkwards in a fixed nut as in fig. 6, Plate VIL or 
.the fcrew A remains fix t, and the nut BC^ or perfo- 
rated piece, is made to move upon the fcrew as in 
fig. 7^-r-By way of diftinftion A is called the mak 
fcreWy and the nut B with its perforation fliaped. 
lijke an hollow fcrew, is called the female fcreiv.-^ 
The ipiral projedtions ^,/, ^, &c. arc called the 
threads oi the fcr^w. 

The power which moves this moft.ufefol^^nd 
moft powerful engine, is applied either to one end 
of the fcrewj wliich is generally furnifhed with a 
fprt of head or projeftion, or to the end of a lever 
i^bich is fixed either in the head of the fcrew as in. 
fig, 6. ox in the nut BC, as in fig. 7. And then 
indeed it may with more propriety be called an 
engine con^)ounded of a fcrew and a lever. 

Ifi aU.ca(es the equilibrium takes place between 
theeficift which is produced at the end of the fcrew 
or at the nut, a^ the power, Avhen the former is to 
tjie latter as the circumference defcribed by the 
power in one revolution, is to the^diftance between 
tsffo contiguous threads of the fcrew. Thus fup- 
poftng that, the diftance between the threads be 
Mf an inch and the length of the lever CD be. 12 

inches; 



250 Of the Meekanical Pezoers.. 

inches; the circle defcribed by thqend D of tKe lever 
will be about 76 ittches, dr 152 times the diftancc 
between two contiguous threads V therefore if the 
power at tlie end D of the fever be equivalent to 
one pound, it will balance a prefTure of 152 pounds 
afting ^aiflft the end of the fcrew in fig. 6 ; or it 
n^rill fopport a weight of 1 52 pounds on the board 
^ I^ fig. 7, &c. 

The reafon of this is fo evidently dependent on 
the properties of the' inclined plane, that nothing 
imore • needs here be faid about it. 

The teaft refledion on the preceding explanation 
of the Ti^ture and properties of the mechanical 
powers will fufficiently prove that, ftriftly fpeaking, 
the real ancf original mechanical powers are not 
more than two in number; namely, the lever arid 
the inclined plane ; fo that all the others are only 
ipecies of thoft two ; the balance, the wheel and 
axle, and the pulley, being fpecies of lever ; and the 
wedge with the fcrew being fpecies of inclined plane. 
It is however immaterial whether thofe powers be 
reckoned all primitive and diftinft from each other, 
or not; for the theory remains always true and the 
fame. The Only advantage which might be derived 
from the idea of the original mechanical powers 
being only two, is that their properties might, in 
that cafe, be explained in a much more concife. 
manner ; yet it is to be obferved that, after a cer- 
tain limit, theories became pbfcure and perple:^ing, 

■ m 
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in proportion as . they arc rendered * more* concife 
and comprehenfivc. ' • -'• 

Before we quit the prefcnt cliaptef it will be 
proper to make the following remark, the objeft 6f 
which is to prevent the eftablilhtnent of wrong no-^ 
tions in the mind of the reader, with refpedl to the 
powers of the above-mentioned engines; 

Beginners in this branch of natural philofophy* 
frequently imagine that by means of the mechani-^ 
cal powers, a real increafe of power is obtained ; 
whereas this is nc3(t true. For inftance,if a man be 
jaft able to convey 100 weight from* the bottom to 
the top of his houfe in one minute^s time, no mc-» 
chanic^ engine will enable him to convey 300 
weight to the fame height in the fame time; but, 
the engine will enable hini to convey- the 300 
weight in three minutes; which amounts to th^ 
fame thing as to fa}( that the man could, without 
the engine, carry the 300 weight by going three 
times to the. top of the houfe, and/ carrying- loa 
weight at a time, provided the load admitted of 
its being fo divided. Therefore the engine increafes 
the elFedt of a given force by lengthening the time 
of the operation;, or (fince uniform velocity is pro- • 
pqrtional to the time) by increafing the velocity of 
^hat force or power. 

Thus again, if any aftive force is able to raife a 
weight of 10 pounds with a given velocity, it will 
\?e foiled impojffiible, by the ufe of any inftrument. 
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to make the fame force raife a wei^t of 20 potinds, 
or in general a weight^more than ro {k>unds, with 
tiie lame vdocity ; but it may, by the aid of the 
initruments^ be made to ratfe the weight of 20 
poulids with half that velocity ^ or, which is the 
iame things it may be made to raife it to half the 
heigjht in the fame time ; for it is not the poweror 
force, but the momentum, (viz« the produd of the 
force by the velocity) that may be increafed ^r di* 
HuniQied by the ufeof thofe engines. 

The power,, or a&ing force, is fo hx from Jmtg 
increafed by any machine, that a certain part of it 
IS always lofl in overcoming the refiftance of me- 
diums, the fridion, or other unavoidable imperfec- 
tioQs of machines. And this I0& in fome coin* 
- pound engines is very conCiderable. 



' \ 
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CHAPTER 3?III, 

\ 

9 

OF COMPOUND EMGINES; OF THE MOVING 

. 

POWBUS; AND OF FRICTION. 

ALL the infltunient? or machines which con- 
ned an adive force with a , certain efffed, 
however comjJicated they may be, will, upon ex- 
amination, be found to confiil of the already de- 
(cribed . mechanical . powers* Thofe component 
fimple mechamfms are frequently varied in (hape ; 
their connexion is infinitely diverfified ; but their 
nature and their properties remain ipvari^bly the 
iamc. * 

Various' are the powers which have been em* 
ployed as firft movers of machines ;^ but thie prin- 
cipal of them aife, i. The natural ftrcngth of a man , 
or number of men. a. The ftreiygth of other ani- 
mals, and principally of horfes. 3, The force of 
running water. 4, The force of the wind . 5^ The 
elaftic force .of the fteajn of boiling water. 6. The 
claftic force oflprings. 7. The fimple weight , of 
heavy bodies. 

A great part of mofl: , machines relates to the- 
power itfelf; viz.. it con^fts of .contrivances necef- 
fary for the generation, application, preferyation^ 
and renovation, of the adive power or force. The 

'effeft 
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cfFedt which is to be produced by that aftive force, 
is derived from the proper application of the above- 
mentioned finiple mechanical powers ; which di- 
vide, or concentrate, or regulate, the original force. 
As for the effedts which are produced by machines, 
it is impoflible to afcertain their number, or even 
to arrange, them under geheral and comprehenfiye 
titles. 

The beft machine for the produdion of any par- 
ticular efFeft, is that, which (all circumftances of 
fituation, materials, &c. being confidered) will pro- 
duce that effeft in the fimpleft, fteadieft, ' fafeft, 
and cheapeft manner poffible. 

It is not my intention to defcribe the principal 
machines, that are now in ufe amongfl the en- 
lightened nations of the world j th^t being incom- 
patible with the nature and the limits of the prefent 
work. Thofe perfons who may be defirous of ex- 
amining the peculiar conftruftions of the various 
engines of . arts, manufactures, navigation, aeco- 
nomy, &c. will find a great variety of books written 
exprefely^-on the fubjeft, in almoft every language 
of Europe; but in none more fo than in the 
French, 

In the prefent chapter, the methods of com- 
puting the powers and the effedls of machines in 
general, will be briefly ftated i and the defcription 
of a few mechanifms will be inferted merely for the 
purpofe of exemplifying the application of the 
methods \ whence the reader may be enabled to 

judge 
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judge of the power and effect of any other machine 
that may f^l under his examinatioa« 

A compound engine either confifts of one fimple 
mechanical power repeated two or more times ; or, 
it confifts of feveral fimple mechanical powcis 
varioufly combined, and connefted with eacK other. 
In any cafe, the power and. the efFeft.rauft fcie efli- 
mated from the refult of the efFeds of all the com- 
ponent fimple mechanifms feparatcly confidercd, 
which is done in the following manner : 

Find what proportion the power bears to the ef- 
fedt in each fimple mechanifm ; put all ihofe ratios 
one under the other, and find their fum, which futn 
will exprefs the proportion between the jpower and 
the eflfed of the whole compound engine*. Thus 
fuppofe that a machine is compounded of three 
fimple mechanical powers, viz. a lever, an inclined 
plane, and a moveable pulley ; and fuppofe that a 
povC^er applied to one end of the levet will produce 
a double effedt at the other end ; for inftance, one 
pound will balance two pounds ; then the propor- 
tion of the power to the effe<9:, is as one to two- 
Suppofe alfo that in the inclined plane, the power 

IS 



* The fum of two or more ratios is obtained by multi-^ 
plying the antecedents together and the confequents toge- 
ther ; and the two produ6ls will form a ratio, which is cal- 
led the fum of the given ratios. Thus the ratio of 2 to 3, 
plus the ratio of 2 to 5 -, plus the raitio of 4 to 7, is equal 
to the ratio of 16 to io5i viz. of 2 X2X4 to 3x5x7. 



IS to the effeft as thfce^ to feren ; and laftly, tfert tti 

the pulley, the power W to the efFe6k as one to 

.two» Now thofe tlirec ratios being written one 

under the other thus \ ' ^ and 

. • . . 3 • 7 

multiplied; viz. all the antecedents i : a 

together,, and all the confequents ■ ■■ 

together, the two products thence ariling will ext 
hibit the [propcittion which the power bear$ Vdt the 
t&& in the whole compound engine ; vtZ; itki^ a 
power of 3 pounds will balance a weight of z^ 
pounds* 

Othcrwife the effcft of a compound engine may 
be computed by* confiding tiie velocities of the 
power ahd of the efFeA; for they arcf to each othefr 
inverfely as their velocities, viz- thepowcV'is to i the 
efiedl as the velocity; of the ktter is- to that^ of* the 
fornften Thus in«a<:e):tain compound en^^ I- find 
that the power muft move through 500- fectj 
whilft the wei^t moves through 3 feet; I thcre^ 
fore conclude thW- a power of 3 pounds will ba^ 
iance a weight of 500 pounds- in that rtiachine, and 
of courfe a little more than 3 pounds will rdife 
the 500 pounds weight. 

Fig. 8, Plate VII. reprefents an engine confifting 
of three levers CD, DG, GH, each of which moves 
round a pin or axis fixed . to a fteady. poll, and arc 
difpofed fo as to ad upon 1 each other. Let CA> 
DE, GK.be each OM foot long^ and AD, EG, KH 
6 be 
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bd each three feet long, then the weight I qF one 
pound will produce a preflTure of three pounds at G 
on the end of the next lever, and this force will 
produce an efiedl equal tp 3 times 3, or 9 pounds^ 
on the end D. Laftly, the end D of the third 
lever CD being preffed downwards with a iforce of 
9 pounds, will balance or keep fufpended at the^ 
oppofite end C the weight W, of 3 times 9> viz. 
of 27 pounds. And a little addition of power to 
the end H will enable the engine to lift up the 
weight W*. 

By increafing either the number of |evers , or the 
difference of length between the. two parts of each 
lever, tlie effedl at the end C may be increafed to 
any degree. But the great defeft of this engine is, 
that the end C with the weight W can be r^fed a 
very fliort way. 



* The effe£l of this compound engine may be calculated 
according to the preceding rule, by fetting down- ^e pro- 
portion between the power and the efFe£t in each of the 
three levers; theii multiplying the antecedents together and 
the confequents together, their produ^b will give the a^« 
fwer. ""Tlius fince the two parts of each lever are as one to 
three, therefore we have --1:3 ' 

1:3 

I : 27 
which (hews, that in order to form the equilibrium^ the 
power I muft be to die weight W as i to 27, the feme as 
aboTe.— ^Thc fame thing may be dgne with other engines- 
VOL. I. . s Fig. 
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Fig* 9j Plate VII. reprefents a combination ot 
four pulldySy three of which are moveable and one 
is fixt. But this combination mufl not be reckoned 
a iingle mechanical power, becaufe the fame rope 
does not run over all the puUe}^. It is, therefore, a 
repetition of one and the. fame mechanical power. 

Three ropes are faftened to the beam EF, at G, 
H, "and K. The firft rope goes round the pulley 
A, to the block of which the weight W is fattened i 
and is then ' tied to the hook of the block of B. 
The fecond rope goes round the pulley B, and is 
Mened to the hook of the block of C. The third 
to^ goes round the pulley C, as alfo round the 
fixt pulley D; and holds the counterpoife or power 

I. ■ • ■ ..■; ^ . 

The pulley D being fixt to the beam, does nothing 
mcH'e than change the diredlion of the motion; 
therefore if the power I weigh one pound, it will 
balance a weight of two pounds affixed to the 
block of the pulley C. Then the pulley C adting 
with a power of two pounds, will balance a weight 
of twite two, or of 4 pounds affixed to the block 
of the pulley B, and this will balance a weight W 
of twice 4, or 8 pounds, affixed to the block of the 
pulley A j fo that in order to pull up the weight W 
of 8 pounds, the power I needs be veiy little hea- 
vier than one pound. 

This erigine is fubjeft to the fame inconvenience 
as the preceding; viz, the weight W can be raifed 
but a very little way. 

Fig. 
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Fig. 10, Plate VIL reprefents a combination of five 
Wheels A,.B, QD, E; each of which turns round 
ia tentre-pin, which is fuppofed to be fixed to a 
Ibcady frame. Thofe wheels are connected with 
each other in the following manner : The wheel A 
has a fnlall wheel or pinion o fafleiled to, and con« 
centric with, itfelf* This pinion is furniftied with 
teeth, which move between the teeth on the cir- 
cumferencc of the hext wheel, which is likewife 
fumilhed \yith a pinion which adts in^ a iimilar 
manner on the next Wheel) and fo on, excepting 
the laft, which has an axle inftead of a pinion, 
and round this axle a rope is applied, to which the 
weight W is fufpended. — ^The power I is applied to 
the circumference of tne firft wheel. 

This engine confiils of a repetition of the wheel 
ind axle ; for the pinion of each wheel is in fa<5t its 
axle, excepting that inftead of adtbg immediately 
upon the weight by means of a rope, here it exerts 
its force ag^inft the next wheel by me^ns ofits 
teeth. 

Let the circumference of each wheel be equal to 
five times the circumference of its pinion. Then if 
a weight I of one pound be fulpended to the cir«- 
cumference of the wheel A> the pinion o will aS: 
on the circumference of the fecond wheel with a 
force equal to five times the power I^ viz. equal to 
5 pounds, and this force of 5 pounds on the cir<« 
cumference of the fecond wheel will enable its pi« 
aion to aft on the circumference of the third wheel 

s % with 
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with a force equal to 5 times 5, viz. 25 poilffdsr 
After the fame manner rthe f6rce of 25 pounds oif 
the circumference of the third wheel will enable it9 
pinion to aft on the circumference of the fourth 
wheel with a force equal to 5 times 25; viz. 125 
pounds, in cbnfequence of whichforce applied to the 
circunxference of the fourth wheel, the pinion of that 
wheel will adt on the circumference of the laft wheel 
with a force equal to 5 times 1255 viz. 625 pounds, 
which force will balance a weight W of 5 times 6^25, 
viz. of 3125 pounds. Therefore the power I of 
one pound will balance the weight W of 3125 
pounds. 

Fig. iij Plate VII. reprefents an engine com- 
pounded of a lever, a fcrew, and a wheel and axle* 
The lever AB is moved by the application of a 
hand to the handle A. As the lever AB turns the 
axis with the fcrew D, which is all fixed together, 
the fcrew D, working into the teeth of the wheel 
C, will move this round its axis E, in confequencc 
of which the weight W will, be drawn up or let 
down according as the lever AB is turned one way 
or the other. Let the power which is communis 
cated by the hand be equivalent to one pounds 
then if the circumference which is percurred by 
the handle A, be equal to 100 times the diftancc 
between two contiguous threads of the fcrew D, 
>this fcrew will aft on the circumference of the 
wheel C with a force equal to 1 00 pounds ; and if 
the diameter of the wheel C be to the diameter of 

the 
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the axle E as 8 to one, then the power of io<y 
pounds on the circumference of the wljcel C will 
a6t with a force equal to 8 times 1005 viz. of 800 
pounds on the circumference of the axle E, about 
which the rope of the weight W is wound. There* 
fore it appears that with this en^ne a weight or 
power of one pound will balance a weight W of 
ftdo poiiinds^ 

A fcrew, like D, fituated fo as only to turn round 
an axis, but without moving backwards and for- 
wards, and always working on the circumfereace of 
a wheel, as C, is ufually called an endlefs fcrew. / 

Fig. 1 2, Plate VII. reprefents an improved crane 
for raifing of goods or, heavy weights. This de^ 
fcr^tion has been taken from the appendix to Mr. 
Fergufon's Le<3tures, which I have preferred to 
other defcript ions of fimilar engines; firft, on ac-. 
count of the improvements it contains, which will 
naturally (hew that a variety of collateral objedts 
mud be kept in view by the contrivers of fuch 
machines s and fecondly, for the purpofe of making 
the reader acquainted with the meaning of the 
principal terms that are. ufed in niechanics. 

A is the great wheel of this engine, and B \t$ 
kxle, on which the rope C winds. This rope goes 
pver a pulley D in the end of the arm of the 
gib ^ 1^, and draws up the weight F, as the 



* Git} a projefting tranfverfe beam* 

s 3 " winch 
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winch* G is turned round. H is the largeft trundle-f'^ 
I the next, and K is the axis of the fmalleft trun- 
dle, which is fuppofed to be hid fipom view by thcj 
upright fupporter L. A tnindle M is turned by the 
great wheel, and on the a^is of this trundle is fixed 
the ratchet-wheel t N, into the teeth of which thq 
catch O falls. P is the lever, from which goes a 
rope QQ, over a pulley R, to the catch ; one end 
*0f the rope being fixed to the lever, and the othcf 
end to the catch. S is an elaftic bar of wood, one 
end of which is (crewed to the floor; and, from the 
othqr end goes a rope (out qf fight in the. figure) 
to Xht farther end of the lever, beyond the pin or 
axis On t^^ich it turns in the upright fupporter T. 
The ufe *of ^his bar is to keep up the lever and 
prevent its rubbing againft the edge of the wheel 

>^"»»W>».»»»— ■———«— i——^—^^—— —— I • I —— ^ 

* Winch or windery an inftrument with a crooked handle, 

• . . . • • 

the ufe of which is to turn any thing round. 

f A fmall ^heet, which ^s turned round by the teeth of a 
large wheel, which derives various denominations from its 
variouHB fliapes. It is called pinion when it is oblong; and 
the teeth are longer than the infide (blid part ; the teeth are 
then calledwthe haves of thcpimon. When the fmall wheel 
is Ihaped like that which is reprcfented at H, it is then calle4 
^ trundliy or (bmetimes a lantern^ and even a drum. 

X A ratciet'WheeJ ox ratchet^ is a wfieel generally having 
Its teeth bent one way, wherein afojid piece, called a catch or 
dicky falls, by which means the ratchet-wheel, when the catch 
bears upon it, can turn one way only, but not the contrary 
way. 

V, and 
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V, and to let the catch keep in the teeth of the 
ratchet-wheel. But a weight hung to the farther 
end of the lever wbuld do full as well as the elaftic 
bai-and rope. 

When the lever is pulled down it lifts the catch 
qut^of the ratchet-wheel, by means of the rope QQ, 
and gives the weight F liberty to defcend; but if 
the lever P be pulled a littfe farther down than 
what is fufficient to lift the catch O out of the 

ft 

ratchet-wheel N; it will rub againft the edge of the 
wheel V, and thereby hinder the too quick defcent 
of the weight, and will quitei flop the weight. If 
pulled hard* And if the man who puUs the lever 
fliould inadvertently let it go, the elaftic bar wilt 
fuddenly pull it up, and the catgh will fiUl down 
and ftop the machine. 

WW are two upright rollers above the axis- ot 
upper gudgeon * of the gib £• Their ufe is to Ipt 
the rope C bend upon them, as the -gib is turned 
to either fide, in order to bring the wei^t oy^r th$ 
place where it is intended to be let down, 

N. B. The rollers ought to be fo placed, that if 
the rope C be ftretched clofe by their utmoft fides, 
the half thickneis of the rope may be perpendicu- 
larly over the centre of the upper gudgeon of the 
gib. For then, and in no other pofition of the 



^The pins or extremities of an axle, which pins move in 
holes, &c. are called gudgeons in large works, zodfevets ot 
pivots in fmall works. 

s 4 rollers. 
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rollers^ the length of the rope between the pulley id 
the gib, and the axle of thb great wheel, will be al-t 

. ways the fame, in all poiitions of the gib^ and the 
gib will remain in any pofition tQ which it \% 
turned, 

. When either of the trundles is nat turned by tha 
winch in working the crane, it may be drawn off 
from the wheel, after the pin near the axis of the 
trundle is drawn out, and the thick piece of 
wood is raifed a litdc behind the outward fupporter 

. of the axis of the, trundle. But thi$ is not mate? 
rial; for^ as the trundle has no fridiqn on its axis 
but what is occafioned by its weight, it will be 
turned by the wheel without any fenTible reiiftancQ 
in working theaane. 

This engine is to be fituated in a room with th« 
gib E projeding out of it, fo that the load may be 
raifed from the ftreet or other lower fituation, by 
turning the winches of the trundles as at G. 

This crane has four different powers, The three 
trundles Hj I, K, are furjiifhed with different numr 
bers of ftaves* s the largefl: has 24 ftaves, the next 
12, and the fmalleft 6, The great wheel A has 96 
cogs-f-; therefore the largeft trundle makes four 
revolutions for one revolution of the wheel i the 
npxt make3 3, and the fmalleft makes; 16, A 



• The flicks or cylindrical bars of trundles, which per*; 
form the office of teeth, are calledy?^f^j. 

f Cogi arc the wopden teeth of a,.lvge wh^el^ 

winch 
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winch G is occalionally put upon the axis of either 
of thefe trundles, for turning it ; that trundle being 
then ufed which gives a power beft fuited to the- 
weight, Th? length of the winch is fuch, that in 
every revolution its handle dcfcribcs a circle efqual' 
to twice the circumference of the axle B of the 
wheel, So that the length of the winch doubles 
the power gained by each trundle. 

If the winch be put upon the axle of the largefl: 
trundle, and turned four times round, the wheel 
and axle will be turned once round ; and the circle 
defcribed by the power that turns the winch, being 
in each revolution double the circumference of the 
^xle, when the' thick nefs of the rope is added 
thereto, the power goes round 8 times as much 
fpace as th@ weight rifes through ; and therefore 
(making fome allowance for friddon) a man will 
raife 8 times as much weight by the crane as he 
would by hi§ natural ftrength , without it; the 
power, in this cafe, being to th^ weight as 8 to !♦ ' 

If the winch be put upon the axis of the next 
trundle, the power will be to the weight as 16 to i» 
becaufe it moves 1 6 times as fad as the weight 
moves. 

If the winch be put upon the axis of the fmalleft 
trundle, and turned rpund* th^ power will be to 
the weight a$ 32 to i. 

But, if the weight fhould be too great even for 
thi$ power to raife, the power may \>t doubled by 
drawing up the weight by onp of the parts of a 

- double 
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double rope, going under a pulley in the moveable 
block which is booked to the weight below the arm 
of the gib. And fuch is the aftual reprefentation 
of the figure. Then the power will be to the weight 
as 64 to I. Whilft the weight is drawing up, the 
ratch-teeth of the wheel N flip round belOw the 
catch or click that falls fucceflively into them, and 
thus hinders the crane from turning backward, or 
detains the weight in any part of its afcent, if the 
man, who works at the winch, fhould acddently 
quit his hold, or choofe to reft himfelf before the 
weight be quite drawn up. 

In order to let down the weight, a man pulls 
down the end Z of the lever, which lifts the catch 
but of the ratchet-wheel, and gives the weight liber- 
ty to defcend. But, if the defcent be too quick, 
he pulls the lever a little farther down, fo as to 
make it rub againft the outer edge of the round 
wheel V, by which means he lets down the weight 
as flowly as he pleafes; and by piilling a little 
harder, he may flop the weight, if neceflfary, in any 
part of its defcent. If he accidentally quits hold of 
the lever, the catch immediately falls, and flops 
both the weight and the whole machine. 

In the conflruftion of machines in general, the 
queflions which occur in the firfl place, relate to 
the choice of the power, and to the eflimation of 
its quantity ; viz. whether the force of wind or 
water, or of a man, &c. (hould bp preferred, and 

what 
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isrhat is the value or quantity of any one of thole 
powers ? ' " 

Of the principal aftive powers which have been 
cnunieratcd at the beginning of this chapter, we 
(hall briefly mention the common eftimation of 
their forces ; but we fliall take more particular no- 
tice of the force of wind, of water; and of fleam, 
^hen we come to treat of the prc^erties of air, of 
^he fleam of water, &c. 

The power which can be applied as the firfl 
mover pf a machine, in the eafieft manner, and 
whofe aftion is mofl uniform, is the fimple weight, 
fuch as is applied to clocks, jacks, and other ma- 
chines ; but this fort of power requires to be re- 
pewed after a certain period ; that is, it mull be 
wound up, or raifed, on.-which account it is mofUy 
iLifed for flow movements; efpecially when a very 
^fegular aftion is required. 

The force of running water, and that of the wind, 
^here the fituation of the place admits of their be- 
ing ufed, are very powerful and advantageous 
hiovers of machines, fuch as mills, pumps, fawing 
engines, &c. — They may be 'applied to the working 
of the greatefl engines. Running water is prefer- 
able to wind, on account ftf its afting with- much 
piore conflancy and uniformity. 

The fleam of boiling water is likewife a mofl 
powerful agent ; and the recent improvements which 
have been maxjc by feveral ingenious mechanics in 
this country have extended the application of it 

from 
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jfrom the fmalleft to the largeft ^engines. The ap^ 
plication of this power requires a very nice cca- 
ftrudion of the mechanifm, and is attended with a 
confiderable confumption of fuel, which particular^ 
are not to be obtained in every fituation. 

A fpring is likewife a ufeful and commodious 
moving powers but a fpring^ like the weight, re- 
quires to be wound, or fet up, after a certain time ; 
riz. when it is quite unbent ; on which account it 
i$ more commonly ufed for flow movements, fuch 
af watches, table clocks, &c. But this fort of 
power differs from the weight in a very remarkable 
circumflance ; which is, that its aftion is jjiicver uni- 
form. It is ftrongeft when moft bent, and it de- 
CFeafes in proportion as it unbends. 

In order to remedy this defeft, and to render the 
aftion of a fpring uniform and effeftual, a curious 
contrivance has been long in ufe, and is as follows : 
An hollow groove of a fpiral form is made round a 
folid piece of metal, fuch as is reprefented at fig^ 
^3, Plate VII. which is furnilhed with an axis AB, 
, round which it turns in the frame of the machine, 
and is coanefted with a wheel j, whofe, teeth act 
upon the other wheels gf the machine. This fpiral 
piece is called the fujee^ and ferves to render th^ 
aftion of the fpring equable or uniform. It is 
conneded with the fpring by means of a firing or 
chain F, one end of which is faftened to the fpring 
which is not feen in the figure, and the other end 
is faftened to the loweil part d of the fpiral grooye. 

When 
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When the fufee is turned fo as to wind the ftring of 
chain upon it, the fpring is tJicreby fet trpr or bent, 
and when afterwards the machine is left to itfelt 
the force of the fpring will, by pullmg the chain or 
ftring, forde the fiifee to turn round its axis in a 
diredjon contrary to that in which it was wound 
up. Now ^hen the ftring bears upon the fmalleft 
part t of the fufee ; viz. nearcft to the axis where 
a greater force is required to produce a certain cf- 
f«d, the fpring pulls the chain with its greatcft 
force, becaufe it is then bent moft ; whereas when 
the ft ping bears upon the lower and larger, part of 
the fufee, where lefs force is required to produce the 
above-mentioned efFed, there the fpring pulls the 
ftring or chain with lefs force, becaufe then it is 
bent lefs. Therefore the decreafing force of the 
^ring is compenlated by th^ increafe of power with 
which the ftring or chain ads on the axis AB ; 
hence th? teeth of the wheel g aft always with the 
feme degree of force upon the next wheel ; and 
thus the motion of the mechahifm is rendered uni- 
form. This mechanifm will be found ^Imoft 
univerfally applied to pocket watches and;fpring; 
clocks. 

The natural ftrength of living animals is the laft 
power that remains to-be taken notice of; and here 
we (hall not extend our obfervations beyond the 
force of men and horfes, concerning whjch the fol- 
lowing particulars are defervingof notice. The 
different Writers on mechanics do not quite agree 

. . in 
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in the eftimation of the mean ftrength of a man i 
nor is it likely they (hould, confidering how the 
conftitution of men varies according to the dif- 
ference of climate, of nourilhment, and of other 
circumftances. Upon the whple, a man of ordi- 
nary ftrength is reckoned capable of raifing a weight 
of 600 pounds avoirdupoife ten feet high in one 
minute, and to be able to work at that rate for 10 
hours out of 24 ; or to do any other work that 
may be equivalent to it. I am however inclined 
to think that this eftimation is rather above than 
below the real fad. 

By means of a judicious application of the human 
ftrength, the efFedt may in fome cafes be increafedi 
and on the other hand an improper application of 
it will dlminifti the efFedt. Thus if two men work 
at a windlafs, or axle, by means of handles or le- 
vers, they will be able to draw a weight of 70 
pounds more eafily than one man can a weight of 
30 pounds, provided the ' handles or levers are at 
right angles to each other. 

A man is able to draw horizontally not above 
yoor 80 pounds i for in that cafe he can only em- 
ploy half the weight of his bpdy. 

N. B. Here it is not to be underftood that a 
man cannot draw a cart or carriage that weighs 
more than 80 pounds ; for the weight of the cart 
is fupported by the ground ; but we mean, that a 
man will not be able to draw fuch a cart as will 
require more than 80 pounds to move it along. 

X .If 
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If a man weigh about 140 pbunds, he can exert 
no greater force in thrufting horizontally at a height 
even with his fliouldcrs, than what is equal to 27 
pounds. 

A horfe, in general, is reckoned capable of doing 
as much work as five men. 

A horfe draws with the greateft advantage when 
the line of direftion is a little elevated above the 
horizon ; and the power afts againft its breaft. 

A horfe is reckoned capable of drawing againft a. 
refiftahcc of 200 pounds at the rate of 2$ miles an 
hour, jyid to continue that exertion for eight hours ' 
out of 24. 

The ftrength of the horfe, like that of a man, 
may be rendered more or lefs efficacious, by means 
of a proper or improper application of it. In go- 
ing up a fteep afcent, five men can carry a much 
greater weight than a horfe. And in certain afj. 
cents, men will be able to carry fome weight, where 
a horfe will not be able to carry himfelf. In mills 
and other machines, where the circular motion of a 
horfe is employed, the diameter of the circular 
walk (hould not be lefs than 25 "or 30 feet; other- 
wife, the motion is neither very advantageous, nor 
pleafant to the animal. With refpeft to the quan- 
tity of power, it mufl be obferved, that in the 
pradical application of a moving power to a ma* 
chine of any fort, it is not enough to employ a 
power which is barely fufficient • to overcome the 
obftacle, or to produce the efieft ; but fuch a 

power 
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power muft be applied as will produce the defirea 
cfFedt in the moft advantageous manner poflible ; 
for inftance if a power of a pound, applied to a 
machine, will produce a certain effeft in one hour ; 
whereas if a power of two pounds were applied to 
the fame machine, it would produce the like ef- 
fed in 20 minutes, it is evident, that the applica- 
tion of the latter power would be more advan- 
tageous than of the former; for though the latter 
power be double the former, yet the time of its 
performing the operation is lefs than half the time 
of the former powers performing' the fame opera- 
tion. So that the moji advantageous power for 
moving a machine is that^ which being midiiplied by 
the time- of performing a determined effeSi^ pr*oduces 
the leajl produSi^. 

With refpeft to fridion, two objeds muft be 
obferved ; viz. the lofs of power which is occa- 
fioned by it, and the contrivances which have beea 
made, and are in ufe, for the^ purpofe of diminifli- 
ing its efieds. 

A body upon an horizontal plane fliould be ca- 
pable of being moved by the application of the 
leaft force ; but this is not the cafe ; and the prin- 
cipal caufes which render a greater or lefs quantity 



♦ For a farther inveftigation of the moft advantageous 

Application of powers to machines, fee Gravefand's Mat. 

£lem. of Nat. Phil. B. L chap. 21, and the following 

fcholia } alfo almoft all the writers on mechanics, 

of 
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>f force neceflary for it, are, ift, the roughnefs of 
he contiguous furfkces ; idly, the irregularity of 
he figure, which arifo either from the imperfedt* 
mrkmanftlip, or from the preffure of one body 
ipon the other; 3dly, an adheiioh or attradtion 
/hich is more or lefs powerful according to the 
lature of the bodies in queflion ; and 4thly, the 
iterpofition of extraneous bodies 5 fuch as moit 
ure, dull, &c. 

Innumerable experiments have been made for 
he purpofe of determining the quantity of ob- 
bru6tion^*or of fridlion, 'which is produced in par- 
icular circumftances*. But the refult s of appa- 
ently fimilar experiments, which have been made 
>y different experimenters, do not agree ; nor is it 
ikely they Ihould, fince the leaft difference of 
moothnefs or polifli, or of hafdnefs, or in Ihort of 
my of the various concurring circumftances, pro- 
luccfs a different refult. Hence no certain and de- 
erminate rules can be laid down with refped to 
he fubjeft of fridion. 

If a body be laid upon another body, and foon 
ifter be moved along the furface of it, a leifer 
-orce will be found fufficient for the purpofe, thaa 
f the body be left fome time at reft before it be 
moved. This arifes principally from an adual 



«■« 



* See Mr. Coulomb's Eflay in the ttenth voU of the 
Memoiresdes Savants £trangers.> And M. de Prony's Ar- 
cbiteSlure Hydraulique> § 1089, and foUowi^* 

VOL. I. T change 
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change of figure^ which is produced in a longef Of 
flu>rter time according to tbe nature of the bodies. 
Thus the nmxiai0Lim of adhefion between wood 
and wood takei place in a few minutes' time ; be* 
tween metai ami metal it takes place almoft imme- 
diately. A hard and heavy body laid upon ;a fofter 
one will fometimes conttnxie to increafe its adfac^* 
fion for days and weeks. 

When a cubic foot of foft wood of eight pounds 
weight is to be moved upon a fmooth horizontal 
plane of foft wood, at the rate of three feet pec 
fecond, the power which is neceffary to move it, 
and which is equivalent to the friction, amounts to 
between i and 4- of the weight of the cube.-* 
When the wood is hard the fridion amounts to be- 
tween Y and 4- of the weight of the cube. 

In general the fofter or the rougher the bodies 
are, the greater is their friftion. Yet when two 
pieces of metal, extremely well polifhed, are laid 
one upon the other with an ample furface of con- 
taft, they adhere to each other much more forcibly 
than when they are not fo well polifhed. 
* Iron or ftecl moves eafieft in brafs. Other me- 
tals, afting agarnft each other, produce more fric- 
tion. 

The friftion, ceteris paribus^ increafes with the 
weight of the fuperincumbent body, and almoft i» 
the fame proportion. 

The friftion or obftruftion which arifes from 
the bending of ropes about machines, is influenced 

by 



'■■■■ f» ,*' • — 

by i imriety of circUmftances/ fii^h ta timr pecu- 
liar quality^ the teniperature of the dtihol^here-, 
mA thb diameter or curvature of the Aitface td 
«^hich they are to be adopted; But Wheii dther 
::trtumftahces remdih the fame^ the difficulty of 
l)ending a rope increafes with the Tquare of its dii-^ 
aaetef, as alfo with its tenfion 1 and it decreafes kc- 
nTrding as the radius of the curvature of the bodjr 
to tK^hich it is adapted, intfeafes; 

Of the fimple itiechatlical pOWets the lever is 
the leatt fubjeift to fiiftioh. 

In a wheel, the fridtion upon the axisJs, as the 
weight that lies updii it, a^ the diftmetet of the axis, 
and M thh velocity df the motion. BUt upon fhd 
whole^ this fort of friftion is iidt very gteit j i^d- 
vided the mathine be well e±ecuted.-^Ih i^othhioii 
pulkys, eipetially thofe df a fnlall fize^ the &ii6liofl 
is very great. It increafes in proportion as the di- 
ameter of the aids iticreafe^, as the veldcity in^^ 
creafes/aud as the diailietet ci the pulley decreafes. 
With a moveable tackle, or blocks of five pulleys, 
a power of 150 pduhds wiU barely be ablfe to dtaw 
tip a weight df 500 pounds. 

The fcrew is fubjeft to a great d&il of friftion J 
fo fiiixh{^ that the power Which muft be applied 
to it, in brdei* td pfGiduce a given effed, is at lealt 
dottbte didt which is given by the calculation iii- 
depetideiil of fH(!^idfi. Biit the degree of fridion 
in the fetew id iAflueficed cbhfidenlbly by the na« 
tuiiictfdlircbfifbrtti^n; fdj*muehof it is d^ng 

T a to 
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tothe %htnefs ofthcfqrew, to the diftancc be-' 
twcen its threads, and to the (hape of the threads 5 
the fquare threads, like thofe of fig. 14, Plate VIl. 
producing upon the whole lefs fridtion than tliofe 
which are fliarp, as in the figures 6 and 7 of the 
fame plate. 

The friftion which attends the ufe of the wedge,' 
exceeds, in general, that of any other fimple me- 
chanical power, its quantity depends fo nitich 
upon the nature of the body upon which the wedge 
a6ts, befides other circumftances, that it is impof-- 
fible to give even an approximate eftimate of it. 

The fi'idtion of mechanical engines does not only 
diminifli theeffeft,. or, which is the fame thing, 
occafion a lofs of power ; but is attended with the 
corrofion and wear of the principal parts of the ma- 
chine, befides producing a confiderable degree of 
heat, and even aftual jfire ; it is therefore of great 
importance in mechanics, to contrive means ca- 
pable of diminiftiing, if not of quite removing, the 
effeds of friftiori. 

In compound engines, the obftrudlion which 
arifes from fridion can be afcertained only by means 
of actual experiments. An allowance, indeed, may 
be made for each fimple component meclianical 
power; but the error in eftimating the fridion of 
any one fingle power is multiplied and increafed 
fo faft by the other parts, that the eftimate gene- 
rally turns out very erroneous. Befides, much de- 
pends on the execution of the work; the quality 

of 
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of which cannot be learned but by experience. 
Novices are generally apt to expeft too much 
or too little from any mechanifm. — In general 
it can only be faid, that in compound engines, at 
lead one-third of the power is loft on account of 
the friftion. ' 

• The methods of obtaining the important ob* 
j«6l of diminiftiing the fridion, are of two forts, 
viz. either by the interpofitibn of particular unftu- 
pus or oily fubftances between the contiguous 
moving pa;rts; or by particular mechanical con- 
trivances, 

Olive-oil is the beft, and perhaps the only fub- 
ftance that can be ufed in fmall works, as in 
watches and clocks, when metal works againft me- 
tal. But in large works the oil is liable to drain off, 
unlefs fome. method b^ adopted to confine it. 
Therefore for large works tallow is moftly ufed, or 
grcafe of any fort; which is ufeful for metal, as 
well as for wood. In the laft cafe t^ is alfo fre-. 
quently ufed. 

- In delicate works of wood, viz. when a pi.ece of 
wood is' to Hide into or over wood, and when a 
wooden axis is to tiirn into wood, the fine powder 
of vfhat is commonly called biack^-hadi when inter*- 
pofed between th6 parts, eafes the motion con(ider« 
ably,< dnd is at the fame time a cleaa ^nd durable 
fubftance * 

Though olive-oil be the beft and the only fuh- 
fiance that is ufed for delicate mechanifms ^ yet bt ia 

T 3 fiu: 
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fsu: fi:om beb]g fi^ fjfona obje<StiQns. Oil^whi^iiia 
. contaft^^kh brafsj is liable to, grow r^^ncid, in which 
ftate it flowiy corrodes the brafs. Ii^ different 
t^per^tmes it becomes in(»re or lefs fi^id \ but 
xippn the whole it grows continually thicker, and of 
foiirfe lefs fit to eafe the motipp of the partSa^ ^c. 
Trifling as thofe defe(3;> may at firft fight; app^r, 
they arqhow§y($r pf fuch pioipent iiii delicate Mfor^ 
. that ift the greatly improved ftajte tp whic^, yfi^t<^ 
Vfork^ been brought in thw cpftntiy, this chja^- 
aW<5 quality of thpjoil feems at prefect to b«^ |hii 
principal, if not the only, impediment to t^^ per* 
feftipn q£ chronometers. 

The mechanical coatrivance% whi^h Ipiajve bcp^ 
made>andare in ufe^foc the purppf^ qf 4iHM9iftiing 
the csSfe^s of frlAion, coaillt eith^^r- in^ a:i(oifQLi;»g the 
conta& of (iick bodies as'piodiuc^ much fridioD^ 
or iijk the i^tetpofition of rolW, vizi. cylindrigal bo- 
dies, between the moving p9j^t$ of machines,, or be- 
tween mosing bodies, in general.. Swch (^Ifjf^rs, 
derive, from their various fize and appli^i^^op, the 
dUSerent n^mcs of rolkrj^ friSi(mrwM^.%, w^Jric- 
iwnrrQlkn. 

Thus in mill-work and other large maohin^s, th^ 
wooden axes pf large wheels-terminate iniroa gud^ 
geons^ which turn in wood> or more freque,atly io 
iron or brafe, which confixu&ion produces lels j^c-. 
tion than the turning of wood in wOod, In the. 
fineib fort of watch-work the holes are jewfiUod, idz. 
many df the pivbts of tl^ wheels, &c. moYO ia 
>< holes 
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holes- made in rabies, or tqpazes, of other hard 
ilone, which when well fiaiihed are not liable to 
wear, nor do they require much oil. 

In order to underftand the nature (broilers, wd 

the advantage with which their ufe is attended, it 

mud be confidered, ths^t when a body is draped 

over the furface of another body, the inequaUties pf 

the furfaces of both bodies meet and oppofe each 

other» which is the principal caufe of the fridtioO' 

or obftrudion ; but when one body, fuch as ^ QsJk^ 

a cylinder, of a ball, is rolled upon ai^other body, 

the furface of the roller is not rubbed ^ainft the 

other body, but is only fuccefllvely applied to, oc 

laid on, the others and is then fuccefllvely lifted 

up from it. Therefore, in rolling, the principal 

caufe of friSiion is avoided, beiides other ad van* 

tages I hence a body nuy be rolled upon anothef 

body, when the fbape admits of it, with incompa^ 

tably lefs exertion than that which is required tQ 

drag it over the furface of that' other body. la 

£m% we commonly iee burge ^ces e( timber, and 

enormous Uocl^s of ftooe, moved upon rollers^ that 

are laid between thjsm and the ground, with eafe 

and (afety -, when it would be akzioft impoffible to 

move them othcrwife. 

The form aod dUpofiticm of firi^ian-wheels is re-^ 
^e(ented by fig. i. Plate VIII. which exhibits a 
front vievr of the axis ^ of a large wheel, which 
moves between the friftion- wheels A, B, C; Here 
tboend.4|oC theax^ (and the fame thing muft b% 

T 4 landerftood 
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landcrftood of the oppolite extremity of the axis) 
inftead of moving in a hole, moves between the; 
circumferences . of three wheels, each of which ia 

• • • • 

moveable upon its owa aiis, and is unconnected 
with the others. Now if the end d of the axis 
turned in a hole, the furface of the hole Would 
fland ftill, and the furface of the axis would rub 
againft it ; whereas when the axis moves between 
the circumferences of the wheels A, B, G, its fui> 
fece does not- rub againft, but is fucceffively ap- 
plied to tKe . circumferences of thofe wheels; fo 
that this fort of motion has the fame advantage? 
oi^er the turning of the axis in a hole, that the 
moving of a heavy body upon rollers has over the 
fimple method of dragging it upon the ground. 
In this conftruftion the contaft of the axis dy moves 
the wheels A, B, C, round their axes, where indeied 
fome friftion muft unavoidably take place, but 
that fridion • is very trifling > for if the circumfe- 
rence of the axis d be to that of each wheel as 
one to 20, the axis muft "make 20 revolutions 
whilft the fnftion-whe?ls will turn round once only. 
A few years ago the fame principle was applied 
in a very ingenious manner, by Mr. John Garnett 
then of Briftol, to pulleys, and other forts of cir- 
"cular motion round an axis, for which he obtained 
a patent. The ufe of this application has proved 
very advantageous, efpecially on board of fhips, 
where it* has' been found, that with a fet of Mr. 

« 

^Garnett's pulleys, three men were able to draw as 

much 
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much weight as five men were barely able to ac- 
CompliQi with a fimilar fet of common pulleys. 

One of thofe pulleys 18 reprefented^by fig. a, Plate 
VIII. where the (haded part BB B is the pulley, A 
is the axis, and c, r, r , r, f, f, are the cylindrical rol- 
I9H, which are fituated between the ajcis ai^d tl^e 
ii|fide cavity of the pulley, fhe enc^s of the axis 
A, .are fixed in a bl6ck, after the , lifual manner* 
Every one of the rollers has an axis, the extremi- 
ties of which turn in holes made in two brafs or 
icon flat rings, one of which is vifible in the figure* 

After having given a general explanation of the 
action of rollers, the advantage which Mr. Gar- 
nett*s pulleys muft have over thofe of the common 
Ibrt, needs no farther illuitratioq. I ihall however 
Qnly obferve, that the fridlion ofthe pivots pf each 
roller in the holps of the brafs rings is very incpiK 
fiderahie; for thofe holes are macie rather laige, 
the ufe pf the axes to the rollers being only to 
prevent their running one againfl the other. Nor' 
<loej the addition qf weight upon the pulley in- 
creaie that fiiftion; for the addition of weight 
upon the pulley will prefs the rollers harder upoiv 
the axis J^ ^ but not upon their own axes, as may 
,be cafily underttood by infpedting the figure. 
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CHAPTER XIV- 



PESCRIPTION OF THE PltlWCIFAi: MACHINES,, 
WHICH ARE NECESSARY TO ILLUSTRATE THE 
DOCTRINE OF MOTION, AND OF THEIR PAR- 
TICULAR XTSE. 

/ 

THE dodrine of motion in all its ecctenfise 
branches is derived^ as we have idready 
ihewn, from a few general principles ; and its ap-* 
plication to particular circ^mi^iances requires onljr 
the knowledge of a few experimental £si6s, fucb as 
the natural defcent of bodies towards the eartb» 
the time of vibration of a pendulum of a detenni- 
nate length, &c. Then whatever relates to other 
complicated rhovenftentsmay be derived, by means 
of ftriflr arid unequivocal reafoning, from thafe few 
principles, and few afctrtained fefts or natural laws. 
Yet notwitbftanding the aflfent which a ratJonal 
being muft give to the clear and evident demon« 
ftrations that are derived from thofe principles, 
it muft be allowed that an experiraentai confirma- 
tion of any theoretical proppfition nex'er fails to 
imprefs the mind with a pleafing, lafting, and fatif- 
faftory conviftion. Though the unavoidable im-? 
perfeftions of machines render the refult of expe- 
riments feldom fo accurate as to coincide exaftly 

with 
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with the theory, yet when the error ia not very 
great, and at the fame time it feems to .be pvopcac^ 
tionate to the imperfe6kions of the mechanical 
conftruftion and operation, the mmd of the ob? 
ferver will always feel itfelf fuificiently fatisfied. 

In this chapter the reader will fincl the defciiption 
of the principal piachines which have been con- 
trived for the purpofe of confirming in an experi- 
mental manneir the propofitions which relate tc 
motion* 

The /pace defcribed, and the acceleration gained, 
]yy bodies which defcend freely towards the earth 
has been often attempted to be proved by means of 
dire^ experiments; but the refifljance of the air 
which oppofes a conikkrahle and fludtuating irnpe*. 
(fiment, and th^ difficulty of meafuring the time of 
deicent when, felling bodies have acquired a great 
degree qf velocity, which foon increafes beyond the 
power of our fenfes to eftimate, have always ren^ 
deied the refiilt c£ fuch experiments precarious and 
iaa&tisfa£kory. ^ But we are indebted to Mr^ 



* D(. De(aguliei:$ obferve4 the titne.that a Ufaden baU» of 
two inches. in dia^neter, omployod in defcendiog firom reft 
Arough 272 feet ; that is, from the iniide of the cupola of 
St. Paul's cathedral, wherein the experiment was tried, to 
tfaeik>orv andf found rt to be 4,5 fecoods, whereas it (hould 
have been 4^1 feconds ; ipr in 4,5 fecond^ it ougbt to have 
4$siceiiM thrQugh fimewh^l; more than p6 &^ See hiai 

Atwood, 



€6 



1^4 ^"Machines to iVuflraie 

Atwood, F.R. S. for a very curious machine of his 
contrivance, which obviates the abovementioned 
impediments, and exhibits the phenomena of acce- 
lerated and retarded motion in a commodious and 
fatisfaftory manner ; or, in Mr. Atwood's^ words, 
*^ which will fubjedt to experimental examination 
*^ the properties . of the five mechanical quantities ; 
*^ that is, the quantity of matter moved, the con* 
ftant force which .moves it, the fpace defcribed 
from reft, the time of defcription, and the velo- 
city acquired.' ■ 
The reprefentation of this machine in fig. 3, 
Plate YIII. is divided into two parts for the con- 
veniency of the plate, which however can make no 
difference with reipedk to the explanation \ for the 
leader needs only imagine that thefe two parts are 
placed one upon the other, and are joined at the 
places which are indicated by the fame letters, EF 
G H, fo as to form one entire figure. 

The foot or pedeftal of this machine is in the 
form of a crofs, with adjufting fcrews, which ferve 
to fet the machine in a fteady and perpendicular 
fituation. A flrong wooden pillar XGT, about five 
feet high, is firmly fixed upon the pedeftal, and 
fupports the wooden fta^e VD, which is fecured 
upon it by means of the fcrew at D. Upon this ftage 
there is another ftage or ftand, to which the wheel- 
apparatus is fixed. This apparatus confifts of a 
brafs wheel a^ byC^ whofe fteel horizontal axis moves 
upon four fridlion- wheels ; viz. one end of the axis 

reds 
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tefts' ripon'^ the circumferehcies of tyro friftion- 
wheels, and the other end refls on the circumfe* 
ranees bf the two others. The axes of the four 
fri(3 ion-wheels are fupported by, and move in, holes • 
made in the brafs frame which is faflened to the 
upper ftage^ and whofe fliape is fufiiciently indicated 
by the figure. 

There is a groove all round the circumference of 
the wheel a, b^ Cy for the reception of a- fine flexible 
filk line, at the extremities of which the bodies 
A, B are fufpended. By this means the motion of 
the wheel a^ b^ r, with the filk line is rendered fo • 
very free, that when the bodies A and Bare equals 
if one of them be gently impelled upwards or down- 
wards, both bodies will readily move in contrary 
diredtions; the fridion of the axis being almoft 
entirely removed by the application of the friaion* 
wheels. 

K EL is a fcale or rod, divided into inches and 
tenths; and is fo fituated that on.e of the bodies, 
viz. A, may move very near the furface of it. C and 
I are two little ftages, either of which may be fixed, 
by means of the lateral fcrew M or N, on any part 
of the fcale LEK. The former of thofe flages 
ferves to flop the body A, when defcending, at any 
required height. The latter flage has a perforation 
fufiiciently large to permit the free paffage of the 
body A; but its ufe is to fupport occafionally a 
weight in the form of a bar> like the one feen upoa 
it. — The perfpeftive reprtfcntation of this ftage I, 
■' is 
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is confidci^bly ftratined for the purpofe of reiidtrittg 
its cdnftf uftioA more intelligible. 

Upon the pillai' of this machine therfe \% idapttd 
aiimple fort of time-piece, confifting of a pendu- 
lum which vibrates fcconds, and is kept in motion 
&r a few minutes by means of a wheel and weight 
O. On the axis of the wheel there is a hand of 
index, which indicated the number of fdconds on . 
the dial Z^ The ufe of this time- piece is to (heW 
by the beats of the pendulum, the time whieh is 
employed by the body A in^fceuding or ideCeend-" 
ii^ through a given fpace *• 

The ufeful property of this machine is to dimi- 
nifli the force which aAs upon, ahd occafions the 
defcent df bodies, in confequence of which a body 
iViH defc^iid much flower ; henCie the obferVer will 
be enabled to perceive the fpace it moves through, 
as alfo its acceleration in a given time, &c. in i 
clear and commodious manner. I fliall endeavour 



♦ It hardly needs be obferved that thofe who have acom* 
mon clock, that beats fcconds, may have the machine con- 
llru<£ted without the laft-defcribed appendage. Beiides this, 
Ifhatt juft mention that the abovementioned machine has 
bectt improved, or rather altered, by fome philofophical in- 
flrument makers ; hut as thofe alterations are not of great 
importance either with refped to its conftrudlioii or to its 
performance, I have preferred Mr. Atwood*s original con- 
ftrudlion ; iiich as is defcribed in his very valuable trcatifc 
on the reiWinear motion, and rotation of bodies, 

to 
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to render tl^e explanation of this property more in* 
tellable, previoufly to the narration oi the; escpe* 
riments^ 

When the weights>or bodies A and B are exaAly 
equal, they will balance each other, and of courfb 
will refriain at reft. But if a body of little weight 
be added to one of thofe bodies^ as for inftance ta 
A, then A will preponderate^ and confequently will, 
defcend ; the oppofite weight B afcending at the 
fame time. Now in this cafe both the bodies A, 
B» and the wheels are put in motion by the gravity 
of the fmall additional body ; fo that the fum of 
all thoTe bodies, being moved by a fmaller force^ 
muft move through a (horter fpace in a given time, 
than if the force were greater. 

For in(]bmce, imagine that the weights A and B, 
together with the weight which is required to put 
the wheels in motion (which is equivalent to the 
inertia of the wheels) amounts to 4 ounces, and 
let the weight of the body which is added to A be 
half an ounce, then it is evident that a mafsof mat* 
ter of 4I ounces is put in motion by the gravity 
©fa body of half an ounce i that is by. the gravity 
of a body equal to the 9th part of the niatter which 
is put in motion, which amounts to the -Tame 
thing as if that mafs of matter were attraftcd by 
the earth with the ninth part of its ordinary at- 
traction. But it has been (hewn in page 64^ that 
the fpace which is defcribed in a given time by a 
defcending body, is proportionate tp the force; c^ 

gravity; 
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gravity; theitfore if in the natural way a bodjr 
d^lcends from reft through 16,087 ^^^^ ^^ ^^^ ^^ 
fecond of time, in the above-ftated circumftance 
the body A will defcend through the ninth part of 
16,087 feet, Viz. through- 21,4 inches, in the firft 
fecond of time. Thus by adding a fmaller weight 
to the body A, that body may be made to move as 
flowly ^ the obferver pleafes. 

The other properties of defcending bodies remain 

ft 

tmakcted by this machine. ' Thiis the fpaces which 
are defcribed by the defcending body A will be 
found to be as the fquares of the times; that is, if 
A defcribe 21,4 inches in the firft fecond of time, 
k will defcribe 4 times 21 j4 inches in the fecond 
fecond of time, 9 times 21,4 inches in the thirds &c. 
Thus much maty fuffice with refpedt to the princi- 
pal effeft of this machine. I Ihall now add Mr. 
Atwood's computation, and general mode of con- 
dufting the experiments. 

In the firft place he afcertarned the inertia of the 
wheels when the filk line with the bodies'A, B was 
removed, and found it equivalent to 2i ounces (i). 

" The 



(i.) Having removed the weights A and B, with their 
(ilk line, Mr. A. affixed a weight of 30 grains to a filk line 
(the weight of which was not fo much as | of a grain, and 
confequently too inconfiderable to have any fehfible efFeft in 
th^ experiment); this line being wound round the wheel 
17 i r, the weight of 30 grains, by defcending from reft, coni- 

municated 
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" The vefiftancc to motion, therefore, arifing from* 
the wheel's inertia .will be the fame as if they were 
abfolutely removed, and a mafs of 1^ ounces were 
uniformly accumulated in the circumference of 
the wheel ab c. This being premifed, let the 
boxes A and B be replaced, being fufpended by 'the 
filk line over the wheel a b Cy and balancing each 
other. 



municated motion to the wheel, and by many trials it was 
dbferved to defcribe a fpace of about 38,5 inches in three 
feconds. From thefe data the inertia of the wheels may 
be determined in the following manner : 

If the weight of 30 grains had defcended through 9 times 
193 inches in three feconds, as it would have done by itfelf»' 
the inertia of the wheels would have amounted to nothing; 
but fince it moved through 38,5 inches, in three (iconds, its 
retardation was occafioned by the inertia of the wheels. 
Let the quantity of this inertia be called x\ then the attrac- 
tive force of the earth upon the mafs a* +39 muft be lefe 
than upon the body of 30 grains alone; therefore *•+ 30 
defcends flower than the body of 30 grains would by itfelf ; 
or, properly fpe^ing, the {paces which are defcribed in 
the fame time, are inverfely as the mafles ; for the quantity 
of force being the fame, the efFefl: upon ^ + 30 muft be as 
much Icfs than the efFeft upon 30, as 30 is lefs than ^--f 30 ; 
hence in the prefcnt experiment the fpace defcribed by the 
body of 30 grains in three feconds, is to the fpace defcribed 
by y+30 ifi the ^(kme time, as ^ + 30: 30, viz. 9 x 193 : 

38,5 : : X + 70: 20'» therefore ;f + 30 ;= 2 % 23 

3S>5 

. ^ I353>5 grains, ai^d x zz 1323,5 grains, or 2| ounces. 
* VOL. I. JJ " To 
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** To proceed in defcribing the conftruSiofi of 
the enfuing experiments/ In order to avoid trou- 
blefome computations in adjufting the quantities 
of matter moved, and the moving forces, fomede- 
termitJate weight of convenient magnitude may be 
aflumed as a ftandard, to which all others arc re- 
ferred. This ftandard weight in the fubfequent 
experiments is J of an ounce, and is reprefented by 
the letter m. The inertia of the wheels being 
therefore equal to ai ounces, will be denoted by 
iim. A and B are two boxes conftrufted fo as to 
^contain different quantities of matter, according as 
the experiment may require them to be varied: 
the weight of each box, including the hook to 
which it is fufpended, is equal* to i| oz* or 6m ; 
thefe boxes contain fuch weights as are reprefented 
by Q, each of which weighs an ounce, ot 4m : other 
Aveights off an ounce iz2w, i:^m^ and aliquot 
parts of w, may alfo be* included in the boxes, 
according, to the conditions of the different expe- 
riments^ 

" If 4 J oz. or low, be included in either box, 
this^ith the weight of the boxitfelf will be 25^; 
fo that when the weights A and B, each being 
'2^ m^ are balanced in the manner above reprefented, 
their whole mafs will be 50W, which being addccj 
to the inertia of the wheels, 1 1 w, the fum will be 
61 m. Moreover, three circular weights, fuch as 
that which is reprefented by Y, are confhrufted ; 
each of which.is equal to I oz. or ;;; : if one of tbefe 

ba 
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be added to A and one to B, the whole mafs will 
now become 63^1 perfeftly in . ^quilibrio, and 
moveable by the lead weight added to either (fet- 
ting dide the elfcds of friftion) in ttie fame man- 
ner precifely as if the fame weight or force were 
'applied to communicate motion to the mafs 63 m^ 
cxifting iii free (pace and without gravity." 

/ 

/ Ot THE MOVING F0KC2, 

"Since the natural weight or gravity of any 
given fubftance is conftant, and the exad quantity 
of it eafily "eftimated, it will be convenient in the 
fubfequent experiments to apply a weight to the 
mafs A, as a moving force : thus when the fyf- 
teni" confifts of a mafs :^ 63»i, according to the 

^ preceding defcription, the whoie b^ing perfedkly ba- 
lanced, let a weight of \ dz. or m^ fuch as Y, be 
applied to the mafs A, this will communicate mo- 
tion to /the whole fyftem.'* But fince now the 
whole mafe is 64, and the movmg force is the gra- 

, vity of oiie of thofe parts onlyj ** therefore the 
force which accelerates the defcent of A, is ^ part. 
of the , accelerating force by which bodies defcend 
freely towards the earth's furface." 

Thus by varying the weights, the moving force 
may be altered* without altering the mafs j or tha 
moving for^re may be mac^ to be in any required 
ntiptatJhe mafs. 

V ^ ' OF 
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Ot THE SPACE DESCRIBED. 



" The method of eftimating praflically the fpace 
defcribed from quiefcence, is next to be confidered. 
The body A defcends in a vertical line, and a fcalc 
of about 64 inches in length, graduated into inches 
and tenths of an inch, is adjufted vertically, and fo 
placed that the defending weight A.may fall in the 
middle of the fquare ftage, fixed to receive it at 
the end of the defccnt ; the beginning of the de- 
fcent is eftimated from o on the fqale, when the 
bottom of the box A is on a level with 0.. The 
defcent of A is terminated when the bottom of 
the box (irikes the ftage, which may be fixed at 
different diftanccs from the point o, fo that by 
altering the pofition of the ftage, the fpace de- 
fcribed from quiefcence may be of any given ms^- 
nitude lefs than 64 inches," 

. CONCERNING THE TIME OF MOTION. 

: " Thie time5Df motion is.obferved by the beats 
of the pendulum which vibrates feconds : and the 
experiments intended to illuftrate the elementary 

•propofitions may be eafily fo, conftru6led, that the 
time of motion fliall be a whole number of fe- 

xonds ; the cftimation pf the time therefore admits 
of confiderable cxailnefs, provided tiie obferver 
take care to let the bottom of the box A" begin 

.its defccnt precifely at any beat of the pendulum; 
9 / then 
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then the .coincidence of the ftroke of the 'box 
againft.the ftage,. and the beat of the penduluo^ 
at the end of the time of motion, will fliew how 
nearly the experiment and the theory agree to- 
gether. There might be various mechanical de- 
vices thought of for letting the weight A, begin 
its defcent at the inftant of a beat of the pendu- 
lum; but the following method may perhaps be 
fufEcient : let the bottom of the box A, when at 
o on the fcale, reft on a flat rod held in the band 
horizontally, its extremity being coincident witjb 
p^ by attending to the beats of the pendulum^ 
and with a little praaice,.the rod which fupports 
the box A, may be removed at the inftant the 
pendulum beats, fo that - the defcent . of A (hall 
commence at the lame inftant," - . 

OF THB VkLOCITY ACQUIRED. 

*' It remains only to defcribe in what manner 
the velocity acquired by the defcendiqg weight A, 
' at any given poiot of the fpace through which it. 
has defcended, is made evident to thcTenfes. The 
velocity of A's defcent being continually accele- 
rated, will be the fame in no two points of the fpace 
defcribed : this is occafioned by the coi)ftant ac- 
tion of the moving force ; and fmce the velocity of 
A at any inftant is meafured by the t'pace which 
would be defcribed by it, moving uniformly for a 
given time with the velocity it had acquired at 
• u 3 that 
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» • 

tha^t inflrant, this meafurc cannot be cxpcrimentalljr 
obtained, except by removing the force by which 
the defcending body's acceleration was caufed." 

" In order to (hew in what manner this is ef- 
fefted praftically, let us fuppofc that, according 
to a former example, the boxes A and"B =: lyn 
each, fo as together to be =r 50W; this with the 
wheels jncrtia iim will .make 6im: now let w 
be added to A, and an equal weight m to B, thofc 
bodies will balance each other, and the whole mafs 
will be 6'^m. If a weight w be added to A, mo- 
tion will be communicated, the moving force 
being w, and the mafs moved 641^. In a former 
example, the circular weight, ^qual w, was made 
u(e of as a moving force ; but for the prefent pur- 
pofe of fh€wing the velocity acquired, it TVill be 
convenient to ufe a flat rod (like that which is 
fhewn at I on the perforated ft^e) the weight of 
which is alfo equal to m. Let the bottom, of the 
box A be placed on a level with o on the fcale, the 
whole mafs being as defcribed above, 63^, perfedly 
balanced in equilibrio. Now let the rod, the weight 
of which iz m^ be placed on the upper furface of 
A ; this body will defcend along the fcale precifely 
in the fariie manner as when the moving force /« 
was applied in the form of a circular weight. S-jp- 
pofe the mafs A to have defcended by conftant ac- 
celeration of the force m^ for any given time, or 
through a given fpace : let the perforated flagc 

be 
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. be fo affixed to the fcale contiguous to which the 
weight defcends, that A may pafs centrally through 
it^ and that this perforated ftage may intercept the 
rod tfij by. which the body. A has been Accelerated 
from quiefcencc.. After the moving force m has 
been intercepted at the end of the given fpace or 

^ time, there will be no force operating on any part* 
of the fyftem, which can either accelerate or retard - 
its motion ; this being the cafe, the weight A, the 
inftaiit after m has been removed, mufl proceed 
uniformly with the velocity which it had acquired 
that inftant : in the fubfequent part of its defc'ent, 
the velocity being uniform will be meafured by 
the fpace defcribed in any convenient number of 
feconds," 

' ' ' 

OF RETARDED MOTION. 

" The motion ' of bodies refifted by conftant 
forces are reduced to experiment by means of the 
inftrument above defcribed, with as great eafe and 
precifion as the properties of bodies uniformly ac- 
celerated. A fingle inftance will be fufficient : 
thus fuppofe the mafs /rontaiued in the weights A 
and B, and the wheels, to be 6i/», when perfectly 
in equilibrio, as in a former example ; let a circular 
weight mht applied to B, and Jet two long weights 
or rods, each equal to w, be applied to A, theti 
ivill A defcend by the aftiojx of the moving force 
m^ the mafs moved beipg ^45: fuppofe, tbaj when 

V 4 - \% 
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it has defcribed any given fpace by conftant ac- 
celeration, the two rods m arc intercepted by the 
perforated ftage, while A is defcending through it ; 
the velocity acquired by that defcent is known, and 

I 

when the two rods arp intercepted, the weight A 
will begin to move-on with the velocity acquired, 
being ilow retarded by the conftant force m ; and 
fince the mafs moved is 6imj it follows, that the 
force of retardation will be ^V part of the force 
whereby gravity retards bodies thrown perpendi- 
cularly upwards. The weight A will therefore 
proceed along the graduated fcale in its defcent 
with an uniformly retarded motion, and the fpaces 
defcribed, times of motion, and velocities deftroy- 
ed by 'the refifting force, will befubjeft to the fame 
meafures as in the examples of accelerated motion 
above defcribed." 

Befides thofe properties, Mr. Atwood's machine 
may be eafily adapted to other ufes, fuch as the ex- 
perimental eftimation of the velocities communir 
cated by the impact of bodies elaftic and non- 
elaftic; the quantity of refiftance occafioned by 
fluids, &c. Mr. Atwood alfo (hews its ufe in ve- 
rifying piaftically the properties of rotatory mo- 
tion*. 

After the preceding fufficiently ample defcrlp- 
tion of the general mode of ufing this inftrument. 



* See his Treatife on Motion, Sefl:, VIII. 

wc 
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we (hall by way of - example fubjoin three? or four 
experiments, and (hall leave its further application 
to particular cafes, for the exercife of 'the reader's 
ingenuity. It is however neceflfary, in the firft 
plap e> to obviate fome doubts which may natiirally 
occur with refpedt to the performance of this n:a* 
chine j the accuracy of which may be difturbed by 
three caufes, viz. the fridion of the axes of the 
wheels, the weight of the filfc line, and thef refiil- 
ance of the air. ■ - , ■ 

" The efFefts of friftion are almoft wholly re- 
moved by the friftion-wheels \ for when the fui*- 
faces ,'are well polifhed and free from duft, &c. if 
the weights A and B be balanced in.pcrfeft equili* 
brio, and the whole mafs cohfifts of ^)3w, accord- 
ing to the example already defcribed, a weight of 
I \ grain, or at moft 2 grains, being added either 
to A or B, will communicate motion to the whole, 
which (hews that the efiecls of frlftipn will not be 
fo great as a weight of i f or 2 grains. In fome 
cafes, however, efpedally in experiments relating to 
retarded motion,* the e(Fe6ls of friftion become 
fen(ible; but may be very readily and exadly re- 
moved by adding a fmall weight of i | or 2 grains 
to the defcending body!, taking care that the 
weight added is fiich as is in the leaft degree 
fmaller than that which is juft fufficient to fet the 
whole in mption, when A and B are equjal, and 
balance e^ch other, before the moving force is ap* 
plied/' 

The 
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The filk fine by which the weights are fufpcnd- 
^d is 72 inches long, and weighs about 3 grains: 
^ quantity too fmall to afieft fenfibly the refult of 
the experiments. "^ 

The cffeft of the refjftance of the air is Kkewifc 
infcDfible; for that refiftance increafes with the ve- 
locity, and in the experiments which are performed 
, with this machine, the greateft velocity communi- 
cated t€^ the bodies A and B^ cannot moch exceed 
that of about 26 inches in a fecond. 

Experiment ift. Let A and B, together with the 
2 J oz. (which are, equal to the inertia of the 
wheels), amount to 161 oz. or63»^; then add a 
weight ef | oz. that is i«, to A, and A will defcend 
and will defcribc from reft three inches in the firft 
lecond ; fo that if the fquare ftage be fixed even 
with tlie 3 inches on the fcale, and A be permitted 
to defcend from o on the fcale juft when the pen- 
dulum ftrikes, it will be found that exaftly when 
the pendulum ftrikes the next ftroke, the body A 
will ftrike againft the ftage. If the experiment be 
repeated ' with this variation only, viz. with the 
ftage fixed even with the \z inches on the fcale, 
then the weight A will ftrike the ftage exaftly 
when the pendulum ftrikes the fecond ftroke after 
the commencement of A*s motion. And if the 
ftage be'fixed even with the 27 inches, the ftjroke 
of' A on the ftage will coincide with the third 
ftroke of the pendulum; and fo on. 

Here 
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Here it is evident that the quantity of matter 
in motion is feprefented by 64 parts, and this quan- 
tity is put in motion by the gravity of one of thofe 
parts ; therefore the moving force being the 64th 
jpart of what the earth would otherwife tiLtxi upon 
the whole mafs, this mafs muft move through the 
64th part of that fpace which, if defcending freely, 
it would move through in the fame time. But in 
the natural^ way defcending bodies pafs through 
16,087 feet, or 193 inches, in the firft fecond^ 
therefore in this experiment the body A muft de- 
fcend through the 64th part of 193, viz. 3 inches 
nearly. In two feconds it muft defcend through 4 
times 3, or 12 inches ; in three feconds it muft 
defcend through 9 times 3, or 27 inches, &c. the 
fpaces being as the fquares of the times. 

Experiment ad. If the weight of A and B, 
together with the inertia of the wheels, be made 
equal to 62 w, and a wfeight of im be added to A, 
then the whole mafs in motion will be 64;^, and 
the moving force 2;», viz. -^ of the mafs ; therc^ 
fore in the firft fecond of time A will be found to 
defcend through a fpace equal to the 5 2d part of 
193, viz. 6 inches. In two feconds it Will defcend 
through four times 6, viz. 24 inches, and fo on. — 
Thus the force may be varied at pleafure, and the 
fpace defcribed by the defcending body in a given 
time will be found proportionate to the force. 

Experiment 3d. Let the quahtity of matter be 
63W, as in the firft experiment ; add a- bar of the 
weight m to A, and place the perforated ftageeven 

with 
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with the l^ inches, and let the weight A commence 
its defcent when its upper furface is even with the 
o on the fcale. It will be found that in two feconds 
the bar on the body A will ftrike againft, and re- 
main on, the perforated ftage, after which the body 
A, not being any longer aded upon by any acce- 
krative force, will continue to defcepd with an 
equable motion, and will defcribe (according to the 
law which has been mentioned and proved in 
p'age 67.) a fpace equal to twice the above*ftien- 
tioncd defcent in the fame time, that is, 24 inches 
in 2 feconds. Thus the degree of velocity acquired 
after any odier defcent may be proved experi- 
mentally. 

, Experiment 4th. Let A be equal to 24^;?/, 
. and B equal 23i;«, and apply to the upper furface 
of A two rods, each of which is equal w, then will 
the weight A preponderate and dcfcend by the 
^dion of a moving force equal to m ; the whole 
mafs moved being equal to 63;^., Fix the per- 
forated ftage at 26,44;. then the weight A by de- 
fending from reft through 26,44 inches, will 
acquire a velocity equal to 1 8 inches per fecond : 
(viz. the fquare root of 4X193X26,44^ ^^^ ^^ 

that inftant the two rods, each of which is equal to' 
w, being intercepted by the ftage, the body A will 
continue to defcend with an uniformly retarded 
, motion \ which will be precifely the fame as if a 
mafs of 61 w, without gravity, were projeded with 

a ve^ 
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a velocity of 1 8 inches in a fecond in free fpace, and 
a force or refiftance equal to m were oppofed to its 
motion; wherefore A (with the other parts^of 'the 
fyftem) will lofe its motion gradually, and will 
defcribe a fpace equal to- 25,6 inches (that is, 

—A before its motion is entirely de- 

4X193 J . 

ftroyed: A will therefore be obferved "in the expe- 
riment to defcend as low as 52 inches, before it 
begins to afcend by the fUperior weight of B^ 

The next machine we fliall defcribe .is called a 
^vhir ling' t able y and its ufe is for fliewing, in an ex- 
perimental way, the nature and properties of cen- 
tripetal and centrifugal forces. 

The machine itfelf is exhibited by fig. i, Plate 
IX. and the apparatus is reprefented by the num- 
bers I, 2, 3, &c adjoining to it*. 

Upon die fleady table///, the two flrong pillars 
f, e are immoveably fixed, which are al(b fteadily 
fcrewed to the crofs piece ab. Within this frame 
the two upright hollow axes are (ituated fo that 
each of them may turn with a pointed pin in a hole 
on the table, and with its upper extremity through 
a hole in the crofs piece ab. The lower part of 

* Whirling tables have been varied more or lefs in (hape and 
fize by almoft all the different makers of thofe infcruments. 
That which I have preferred has confiderable advantage in 
pgint of fimplicjty and durability. This machine wa^ con<- 
trived and made by Mr. J. B. Haas. 

each 
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CJ£h axis is immoveably conneded with a doubly 
grooved wheel or pulley KH, CY parallel to the 
table. The grooved whc^el B turtis alfo parallel to 
the table, round a ftrong pin or axis which is fixed 
to the table; and a catgut-ftring is difpofed round 
the wheel B, and round the large or fmall circum- 
ference of the wheel at the bottom of each axis, in 
the manner which is clearly indicated by the figure, 
In this difpofition it \% eafy to conceive that by 
applying the hand to the handle at A, and turning 
the )Vheel B, both the axes will be caufed to turn 
round. A focket, or tube I, I is'cbnneded with % 
circular brafs plate FG, ED, and Hides fireely up 
and down each axis. From the infide of each of 
thofe tubes or (bckets a wire paffes through an 
oblong flit, and projefts \yithin the cavity of the 
axis, where it is (haped like a hook ; fo that a firing 
may be tied to this hook, which pafling upwards 
through the aperture of the axis^ may be pulled or 
Jet down in fuch a manner as to let the plate and 
focket move up or down the axis. Upon thofe 
plates^ femicircular leaden weights o o may be 
placed occafionally. — Thofe weights, being per^ 
forated, are flipped oyer two wires which proceed 



from the plate E D, or FG, as they are indicated 
by the figure; by which means the weights are 
prevented from falling off. 

To the upper part of each axis (viz. to the part 
of it which projefts above the crofs piece ab) a 
rariety of different mechanifms may be occafion- 
ally 
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ally fcrewed fo faft as to turn with the axis when 
the machine is in aftioh. 

The oblong pieces which are repfefcnted in the 
figure as being aftually fixed to the axes, are called 
^^^r^x.— Their conftrudion being exadlly the fame, 
we need defcribe only one of them. 

A perforated brafs plate with a ftrong fcrew 
which fits the fcrew at the top^of the axis, is fi^ed 
in the middle of the beare^M L; fo that when the 
bearer is fcrewed to the axis, the hole in it' com- 
municates with the cavity of the axis, * On ,onc 
fide of this hole, a perpendicular projeftion T rife 
above the/furface of the bearer, and a finiilkr pro- 
jection rifes above the end L of the bearer, which 
is on the other fide of the central hole. iTwo 
fmooth, ftrong, and parallel wires are ftretched 
between thofe two iprojeAions by means of thfc 
fcrew-nuts at W. A -cylindrical heavy body V is 
perforated with two longitudinal holes, thix^ugh 
which the abovementioned wires pafs, f3 that the 
body may be freely moved backwards and forwards 
upon thofe wires. On that fide of the cylinder V, 
which lies towards T^ there is a hook, to which a . 
firing is faftened. This ftring pafles through a 
hole in the projeftion T; after which it goes round 
the grooved pulley S, which moves round an axi$ 
in an upright frame ^, fixed to the bearer, aijd 
whofe fituatlon is fuch that the ftrixig in its defcent 
at T, may pafs through the middle of the hole ia 
the bearer, and of the cavity of the axis, f<»a5 14) 

be 
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be faftened with its extremity to the hook of i\\t^ 
wire which proceeds from the focket of the plate 
EJD. After this defcription it is eafy to under- 
(land, that the cylinder V and the plate ED are 
connedted together by means of the ftring, and 
that if V be draWn towards W, in which fttuation 
it appears In the figure, the plate E D with its 
fuperincumbent weights will bepulled towards the 
.upper part of the axis ; othervvife the weight of. 
the plate ED wjll draw the cylinder V towards 
T, and will itfelf defcend towards the l6wer part 
of the axis. ^ 

Eitlier of thofe bearers may be removed from, 
and one of the following niechanifms may be 
fcrewed fall upon, the axis^ . 

No. I. reprefents a circular board, turned upfide 
down; having a ftrong fcrew in its middle, which 
fits the fcrew at the top of either axis. of the ma- 
chine. There is a hole through the middle of this 
board and of its fcrew, which opens the communi- 
cation with the cavity of the axis. Bat this hole 
in the middle of the board may be occafionally 
filled up v/ith a piece of wood in the form of a 
ftopple, which is furnifhed with a (hort pin, that, 
when the piece of wood is fixed in the hole, pro- 
jefts a little above the furface of the board. 

N®^ 2. is an.oblong bearer, which may be fcrewed, 
like any of the others, upon one of the axes of the 
.machine. Ir Las an upright prcgediion at each 
end, and a ftrong ^nd (mooth wire is ftretched be- 
tween 



« I 
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iween lliofe pbojeftiohs by hiedfife of Ihfe ilcfeW httti, 
A, % C and D ate two pci:¥t?ralfed bmft ball^ d 
tahet^ual weights j which iti cdiinefted togethei* hf 
ihi^ahs of a braft tubdi tind &ft freely ifaoveablc 
tipoh the -wire A fe ffbift one end to the otiieh 
Oathe Outfidfe of the teafs tube whith oimhefts 
the two balls3 thfet^ is fixed, ixaftl^ at the com* 
thoh Centte of gtaVity of thbfc balls, a ffiiort wixe 
E ai an index, which fchrei to Ihew when the 
Comttioh c^rttte of ^hivity df thdfe- ball& is placed 
exaftly againft the.tniddle of the beareh 

No. 3i reprefents a boatd havihg at its lowif end 
C, a fcrew which fits the fcrew at the top of bh6 
of the aies of thi rtiachine, lipbn which it ttay 
,be firmly fcfewedibut this fcreW is fituated a 
kttle Aflaflt,t;^o the boards fo that when placed upon 
the axis 6f the machine this board may ftand in-i 
clined to the hdriionj ifeafcingan aiigfe of 30 or 4a 
d^efe ^ith it. ^ - 

On the Upper fide 6r this board are fixed twd 
glatfs tubes, A G arid S F> clofe ftopped ait both 
ends i and eacli tube is about three-qu^ters full 
of water. In the tube B F is a little quickfilveri 
Vvhic:h, in confecjufchcfe of its 'vVeighti remains un- 
de^ the Walter at the ehd lb: In the other tube A CJ 
is a piece of coi'kV which being lighter than watefj 
ffoiats upoit tt towards the end O, dtfid is to fm^iii 
8CS rfot to flick ^ffi within the cavhiy 6^ the tube. 

l^o. 4. is an axttf o^ ftrcfttg wire fixed toaborard, 
and* having a ftfew at its Jower park beneath the 

Vo{.» u X _ board 
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board, which fits the fcrew-holc at the top of odtf 
of the axes of the whirling table. Two circular 
brafs hoops, AC, BD, made Very f hin and pliable, 
foldercd to each other, and foldercd or fcrcwed 
to the axis, at I, have each a hole at the upper 
part through which the axis pafTes freely i fo that 
jf a hand be applied to the upper part E of thofe 
hoops, they may be flattened down as Tar as the 
pin O, -which is feen acrofs tlie axis. In this cafo 
the hoops will change their circular form into an 
elliptical one ; but, being^elaftic, they will fefume 
their circular form as foon as the preflure is re- 
moved. 

No. 5. reprefents a hemifphere, which is to b& 
£tuated upon the board No. i, when that is fixed 
upon one of the axes of the machine, in the fol- 
lowing manner : A pin with a fcrew ^ (which is 
not fixed to the hemifphere) is fcrewed in the mid- 
dle of the board fo as to projedt a little above it, 
and the hemifphere A is laid upon it, there being a 
cavity d i on the flat part of the hemifphere made on 
purpofe to lodge the pin; but this cavity is 
an oblong groove, as is pretty well indicated by 
the dotted line on the figure of the hemifphere; 
and it is made fo that the hemifphere by Aiding 
over the pin the whole length of that groove, may 
be placed either concentric with the board, or out 
of centre with it. The lateral wire C, with the 
fmall ball B, may be fcrewed occafionally on the 

fule 
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fide of the hemifphere ' A, in a diredlion oppofite 
to that of the abovementioned groove. 

^l'6. '6. reprefents a forked wire with a fcfew at 
its lower part, which fits the fcrew in the middle 
of the board No, i . This fork ferves to fupport 
the wire C wifh the two unequal balls A arid B ; 
but this wire being in no way connected with thd 
forked wire, ihuft be balanced upon it, that is, it 
muft be kid with, the common centre of gravity 
tipon the fork ; wtiicli is eafily done by trial. 

No.* *j. reprefents ^ bail of about two inches in 
diameter, having a hole ftorii fide to fide, through , 
Which a wire BA pafTes quite freely. This wire 
out of the ball at A is Ihaped like the letter T, 
each of whofe prqjeftibris is longer thin the i*a- ' 
dius of the ball, and has a blunt termination. Oii 
the othei" fide fi the wire terminates in a ring, to 
which a firing is tied.-^^We (hall now proceed to 
defcribe the experiments which are to be niade 
with the whirling table and its ^ppdratus. 

Experiment i* Fix the bdarti No* t. iipton otii 
of the axes of the rtiachine, and put the piece of 
wood or ftopper with the pin, ill the ihiddle of it* 
Take the ball apparatus. No. 7', make a loop on the 
ciid C of the firing, taking care that the length, 
Cx\ be hot greater than the radius of the board. 
Pat the loop of the firing over the pih in 'the mid- 
dle of the board, and leave the ball upon the 
board. Then apply a hand at A, and turn the 
wheel B of the machine, which will give the board 

^ ^ a whirl* 
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a whirling motion. It will be found that the ball 
does not inimediately begin to move >yith the 
boards but, on account of its inertia^ it endeavours 
- to continue in its ftate of reft, in which it floo^ 
before the machine \y9s put in, motion. But, by 
means of thq friftipn On the board, that inertia \% 
gradually OYercome; fo that by continuing to 
whirl the board* the ball's niotion will become 
equal to that of tne board; a(ter wlvtch the ball 
win remain upon the fame part of the boar^^ i^ 
being then relatively at reft upon the bpar^. But 
if you ftop the board fuddenly, by Applying g. h^nd 
to it, the ball wijll be found tp ro bit in yirtye of 
its inertifiy apd Cpntinue f p retolye, iintil the fric-^ 
tipn of the boardj . by graduajly dimini(hing its ye-- 
Ipcity, finally. ftopj It* This ftiew§ that matter is 
as. incapable of ftopbi^g itfelf when in motion, as 

It IS incapable, of xnovi/ig itfelf froni a ftate of 

^ ,»«■•■.%.■% * ' , 

reft. 

Experiment a. Remoye the piece of wood with 
the pin fropi the middle pi the board. Infl^ad 
of the ftring with the loop, put a loiiger flxing t(> 
the ring B of the ball No. 7. Let this ftring down 
through the hole in the middle of the board, and 
through the cavity of the axis, and fafken it to 
the ring of the wire which proceeds from the focket 
of the plate FG ; the weight of which will dravf 
the ball to^yards the. centre of the board. Care 
mijft be had to let the ftring be of fuch a length 

as that ,wKen the plate FG is. quite down, the rinj 

,...'.■ • . •. ' ' ' . . 

Bol 
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B of NOi 7. be about an inch from the hole in the 
middle of the circular board. The weight of the 
plate FG muft be very little more than fufEcient 
1*0 draw the ball to the abovementioned fituatioo ; 
for which purpofe the leaden weights mlift be re- 
moved from over the plate FG, its own weight 
Alone being fufficient for the purpofe. 

Having' placed the ball fo that the ring B may 
be about one. inch diftant from the centre of the 

*. ft 

boafd, put the machine in motion by turning the 
wheel B ; and it will be fou^ that the ball by 
going round and round with the board, will grat 
dually fly off to a greater and greater diftance from 
the centre of the board, raifing up' the plate FG 
at the fame time; which Hiews that all bodies 
iivhich revolve ix;i circles, have a tendency to fly offp 
fo that a certain power from the centre mud adt 
upon them in order to prevent their flying off. If 
jthe machine be flopped fuddenly,, the ball will 
continue to revolve for fome time longer ; but the 
friftion of the board gradually diminifliing its ver 
iocity, its tendency to fly. off will alfo decreafe, an^ 
jthe weight of the plate FG will gradually draw it 
pearer and nearer thp pentre, until its n^ptio^ 
iceafes entirely. 

Experimejit 3d. Let tbe apparatus remain a$ 
in the. preceding experiment, excepting only th^t 
^he fl:ring, being c^ifengaged from the plate FG 
mufl: be let out of the flit in the jms, and the pper 
tator. mufjt hol4 its extremity in his hand^, With 

X 3 his 
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Ills other hand the operator muft throw the ball 
upon the circular board as it were in a direftion 
perpendicular to the ftring, by which means the ball 
will make feveral revolutions upon the board (the 
machine being in this experiment at reft). But if 
- whiift the ball is revolving you gradually pull the 
lower end of the ftring below the board, you will 
find that the ball, in proportion as it comes nearer 
to the centre df motion, and of courfe it performs 
its revolutions in fmaller circles, will revolve fafter; 
which (hews, as far as fuch a machine can do it, that 
the fame moving force will enable a revolving body 
/ to defcribe a circular orbit fafter when the circle is 
fitialler, atid flower when the circle is larger. (See 
chap. VII I.) , 

Experiment 4th, Remove the circular bojrd, 
and inftead bf it, put the bearer on the axis; fo 
that both the bearers may be upon the machipe, as 
is reprefented ip the figure. 

Let the 'cylinders R V, be of equal , werghts \ 
place equal weights upon the plates FG, ED; and 
adjuft the lengths of the ftrings , which conned 
thofe pylinders with thofe plates, fo that when the 
plates are quite down the cylinders may ftand at 
equal but fmall difl:ahces from the centres of their 
refpedtive bearers. The catgut ftring muft be put 
cither over both the large, or over both the fmall 
circular grooves at the bottom of the axes (on 
which account it is neceflary to have two catgut 
ftripgs, viz, one longer than the other) then put the 
4 machti^e 
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ittachme in motion, and the cylinders R,V will be 
fecn to recede from the centres of the bearers, and 
to advance towards the ends X and W, raifing at 
the fame time, and to an equat height, the plates 
FG, ED. This experiment proves that when equal 
bodies revolve in equal circles, with equal velocities, 
their centrifugal forces are equal. 

Experiment 5th. Jnftead of the cylinder R, 
place another cylinder of half its weight, viz. equal 
to half the weight of V, on the wires of the bearer 
PN; adjuft the ftrings (6 that when the plates 
FQ, ED are quite down, the diftance of the cylin- 
der y from the centre of the bearer ML may be 
half the diftance of the other cylinder from the 
centre of its bearer, which is eafily (hewn by the 
divifions which are marked upon the bearers; and 
leave the reft of the apparatus as in the preceding 
experiment. Now when the machine is put in mo- 
tion, there will be two bodies revolving, one of 
which is half the weight of the other, but the for- 
mer revolves in a circle which is as laige again as 
the circle m which that other revolves. And it 
will be found that the equal weights of the {dates 
FG, ED will be equally raifed ; which fliews that 
the centrifugal forces of the revolving bodies (which 
raife the plates FG ED) are equal as long as the 
produfts of the bodies multiplied each by its ve- 
locity, viz. the momentums, are equal. 

The proportion of the weights of the twp bodies 
Xfizy |pe varied at pleafure ; but the ftrings muft be 

;c ^ %djufte4 
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9dj lifted fo tbat their diftances kota tha caatras of 
the bearers may be inverfely as (faoie weights; ao^ 
the plates FG> ]E^I>» which ^re loaded with equa} 
weights, will always be lifted to pqual heights ; the 
produd^. of the bodies by tlp^ir refpo^iye yelocities 
being always equaj^ 

Experiment 6thr Repeat the preceding eiqpe^ 
riment, with this difTerence, tha^ the cylindiers be 
]^ft at equal diftaoiCes from the centres pf their 
refpe^ive bearers; alfothat the weights on the plates 
HGy ED be in. the proportion of the weights of 
the cylinders, viz» when V weighs as niuch again as 
B, the weight of the plate ED m^uft be doi^ble the 
weight of the plate FG,&c. On putting the machinp 
ia motion it, will be fou^id that the plates FG, E9 
are raifed to the fame height ; which proves tb4 
when revolving bodies move wi^h the fame velor 
city, their centrifugal forces are propprtiopate to 
, their refpeftive quantities of matter, 

Jlxperipient 7th. Put cylinders of equal weight$ 
on the wires of the bearers i^N, M|L,. ;^la<;e the 
catgut firing round the wheel 3, th^ wheel Y, an4 
round the fmall wheel H^ which^ is eifadly ti^e dif-r 
pofition reprefented by the figure, Aljfo, adjuft the 
brings between the cylinders and the axes, fq 
that when the plates EG, ED are quite dowp, the 
pylinders isnay lie at equal diftances from thif cen- 
tre? of the bearers, farther, if the circumference 
pf thp wheel Y be equal to twice that of the wheel 

]^, ^Q^ muft put imi ^W5 as^iawch weight' <^ 
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kkc plate FG, as upon the plsitt £D. If the fur* 
cu^ifepence q( the wheel Y be equal tp thiffct 
times that of the wheel H, you muft ^t xune 
times as much weight on FG as upon ED. |i| 
(^ort the weights 00 the plate3 muft be inverfely^ * 
as the fquares ef the circumfefeiices of the wheete 
Y and H, On putting the na^hiiie i^ motion - it 
vrill be found; that the plates FG, EP are mifed 
to an equal liieight i, which. 0iew$ that when equai 
bodies revolve M ^qual circle withuaequd y^en 
cities, tlieir qenjtpifugal fytce^ ai^ as tb^ i<}uare3 <^ 
the velocities, 

Experinnent 8th. Let the c^gut femaurin tfa# 
^mt fituatipn as m the laft experiment,, aadlet tfaae 
circumfenence of tb^ wheel Y be to that cf the wfaed 
H as two to one (in which proportiojQ the*circizQafi:»> 
fences of thofp wheels of whirling maqhine$.ajn3genc?> 
rally conftrufted), AJfo let the cylinders R and Vbc 
pf equal wei^t:s, but adjuft the ftnngs fo tbat-^when 
the platfisFG, ED are quite down, th^ diflancc of 
the cylinder R, from> the centre of thet bearer P£f 
be tyfo iocbesg whil& th^ c^ t^e cylinder V from 
the centre of the bearer ML be 3^ inches*. Th« 
£irc^n)fei^C9 of the wheel Y being:equafe to twice 

1 • - 

* Infteadpf inches, the diftances may be of any other 
denomination if provided they be in that proportion. Tte 
bearers are generally divided into equal parts which* kn 
longer tteKi inches y fo that the diftancca may be oiade 
f^H»};t& 9i »A4;^ flf)th(!|i^ (iiyifti)a»f 
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the ciroumfcrcncc of the wheel H, it follows that 
when the machine is put in motion, V mud make 
one revolution whiUl R makes two; therefore their 
periodical times are as one to two, and the fquares 
of thofe times are i and 45 the former of which is 
contained four times m the latter. But the dif- 
tance of R is a, the cube of which is 8; and the 
dillance of V is ^^^ the cube of which is 32 nearly, 
in which 8 is contained 4 times; therefore the 
fquares of the periodical times are as the cubes of 
the diftahces. Now let the weight of the pkte ED 
be 4 ounces, equal to the fquare of the diftance a; 
and the weight of the plate FG be 10 ounces, 
neariy equal to the fquare of the diftance 34- ; then 
on tui4iing the wheel B, which will put the axes in 
motion, it will be found that the plates FG, ED 
are raifed to an equal height. 

This experiment proves that when equal bodies 
revolve in unequal circles, and the fquares of the 
times of their goirtg round are as the cubes of their 
diftances from the centres of the circles, then their 
centrifagal forces are inverfely as the fquares of their 
diftances. 

Experiment 9th. Remove one of the bearers 
from the machine, and place the mechanifm No. 3, 
upon the axis. (See the defcription of this me- 
chanifm in p. 305,) On turning the wheel B, it 
will be found that the contents of the glafs tubes 
AG, BF will, in confequence of their centrifugal 
forces, run towards the outward and uppermoft ends 

of 
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of thofe tubes. And fince with equal velocities 
the heavieft bodies have the greated centrifug4 
force, therefore the quickfilver in the tube BF will 
go quite to the end F of the tube; its weight 
being jgreater than that of an equal bulk of water ; 
but in the tube AG the piece of cork will be found 
at the bottom of the water; the water being much 
heavier than an equal bulk of cork* 

Experiment loth. Remove the apparatus No* 
3, and place No. 4.. upon the axis. On putting the 
machine in motion^ the upper part £ of the hoops 
will defcend towards the pin Q, and the quicker the 
machine is whirled, the nearer will the hoops come 
to the pin, their middle parts receding at the fame 
time from the axis; fp as to aflume an elliptical 
form. This efied arifes frpni the different centri- 
fugal forces of the different parts of thofe hoops ^ 
the centrifugal forces of thofe parts which are far-» 
ther from the axis of motion being greater than of 
(hofe which are nearer to it. 

It appears therefore, that when globular bodies, 
^hofe matter js fufficiently yielding, revolve round 
f heir axes, their figure cannot be perfedly ^hericaU 
but it is that of an gblafe ffh^oi^. 

Expepmen^ 1 1 th. l^emov^ the pre^edipg ap* 
paratus from the axis of the whirling table; pUce 
the board }^o. i. yppa it ; fix the pin e of the ma* 
f hine No. 5* in the middle of the board, with the 
hpinifphere A upon it, but without the wire C, 
IS the hemifphere A be placed ^oqcentric with the 

board, 
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Tb69tcdy 6n t«1iil1iitg the tttaiihini^, (he henl^ifphere 
wiQ be fouhcf tx:r f enaahi hi it$ place upon the board | 
A? cctitrt 6i gWvity of &i€ hetiiifphere coinciding 
with the centrt of nfrotidn. Sut if the (Jentre of 
the heixiiifphere be pladed a little on one fide of the 
4»ntre of rtiotibil, theti on whirling the machifac^ 
Ae larger' poftliott of the' hemifphelre, which lies on 
one fide of the c^ritrd of ittdtion, will acquire a* 
greater centifugal foitfe, and cohfeqUeiritly will draw 
the hemifphere that way 5 fo that the pin Aiding 
Arough the groove' dij tbe hemifphere will at laff 
be found witft the part 4 upon the pin. 

If the wire C with ph^ littje body 3 be fcrewecj 
on the Cde of tjie h^mifpHere, and the latter be 
placed upoi^' the ' pin, conceiitric with the board j 
ott whirling the m^chihe, the ^fame thing ais the laft 
mentioned effed will take place; for though the 
Tiemifphere be placed concentric with the board! 
yet when the body B is ajSixed to it,, their common 
centre pf gravity is different fron) the centi^ of 
gravity of the heniiifphepe alone. 

Experlriient izth, jj'eafly the fanie thing is 
(hewn by means of the apparatus No. z. For when 
this is fcrewed upbn the axis of the whirling talkie, 
(the preceding mechanifm being removed) if the 
index E, viz; the centre of gravity of the twq 
b'odies C,D, be placed exaflTy over the centre of 
the bearer AB, the whirfing of the ipachine will 
nt)t^ move the faid bodies upon the wire ABj 
\f\jX if the c^iitfe of'^'favity K be placed ever.fo 

little 
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licde on one iide of t}ie centre of mpuon, on whiri*? 
ingd^e machipei tbie two bodies will move toward$ 
t|iat fide, as far a& the upright prpj^ftipn A or B, 

Experiment ijtb. The fanie thing may be 
(hcv^n by me^ns of the mechanifm No. 6/ Place 
^he eiitular bofvrd Ho, i. upOn cine of the axes dF 
, Itl^e whirling piachiii?j fix the forked \*fire D, of 
No, 6. in the middle of it ) balance the bodies 
iV,B> with their conn^dling wire, upon the fork j 
then put the machine in motion by turning the 
wheel B, and the bodies A,B wiU remain balanced 
i^poj;]. the. fork and will turn with it. 

A vaft variety of machines have been invented 
for th^ purppfe of i)luftra»ting other branches of 
f be d9<9[riii|e of motion and equdibrium 1 but a$ 
the propofitiohs which relate to fuch other branches 
s^e v^ify eafy a^d evident, the particular defcrip* 
^ipi^ of t(hofe mach^nqs would- i:ender the work 
Voljuminpus, withotii; proving of tnuch advantage 
to the reader. I (hall therefore only add a (hort 
9iCco]unt. of the manner of (hewing, by means of , 
J^ndulurns^ thq principal, phenomena which attend 
th.e cpllifipn. of bodies; and the defcription of a 
machine which ferves to (hew a few of the caies, 
frbiclx relatq to the; compofition and refolution of 
i^eS| with, which; this chapter will be concluded. . ' 

The phenomena which attend the direft coUifion 
<^ bodies, viz^ when thek centres of gravity lie in 
the dire&iqn of their motion, may be very com- 
jnodioufly exhibited by means of pcnduluin^, fuch 

as 
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arc reprefented in the figures 4, 5, 6 of Plate VIIIj 
for if one of the pendulums as A in fig. 5, be re- 
moved to a certain diftance from the perpendicu- 
lar, as to the fituation BC, and be then let go, the 
impulfe which its ball gives to the next pendulum 
D, will force the latter to move from its ftate of 
reft, and to defcribe a certain arch, which will be 
longer or Ihorter according to the quantity of mat- 
ter of the body which is ftruck, and according to 
the momentum of the ftriking body, which mo- 
mentum may be increafed or diminiflied by elevat- 
ing the ftriking body to a greater or lefler angle, 
and by varying its weight. The* pendulums may 
alfo be made to ftrike againft each other after^hav- 
ing been both put in motion, either the fame way or 
contrary ways. 

The effedls of the coUifion, viz. the diredlionsof 
the bodies after the ftroke, and their velocities, may 
be eft i mated by obferving the arches which they 
defcribe after the impaft. 

In this manner the experiments may be perform* 
ed on elaftic, as well as non-elaftic, bodies. Wheii 
the bodies are required to be elaftic, ivory balk 
are fufpended to the threads ; but when the bo*^ 
dies are to be non-elaftic, the balls are made of foff 
wax*, or of moift clay. And though the fornitf 

be 



* White wax may bo rendered fufficiendy foft for this 
purpofe by melting it oyer a gentle ^e and incorporating 
it with about one quarter of its weight of olive-oil ; it may 

after v^ardsi 
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be not perfeaiy elaftic, nor the latter pcrfedly 
Bon-elaftic j yet the difference which arifes from 
their imperfeft properties, is fo trifling, that it 
may be fafely neglefted in thefe experiments. And 
here it is proper to obferve that in pcrfornning fuch 
mechanical experiments, wherein fome allowance 
mull he made on account of friftion, of reliftancc 
of the air, of imperfedt elafticity, &c. the refult 
muft be reckoned conclufive as long as the eiFedt 
is fomewhat lefs than what it ought to be accord- 
ing to the theory ^ but if the efFeft is greater thaa 
that which is determined by calculation ; then fome 
defed in the machinery, or error in tlie theory, muft 
be fufpefted. ' , 

In the abovementioned figures the threads of the 
pendulums are reprefented as being fixed to com- 
mon nails ; but a machine, or ftand, may be eafily 
contrived (and itaany machines of this fprt are de- 
Tcribed in alqioft all the books of mechapical p^i- 
lofophy *) upon which two or more pendulums may 
be eafily fufpended ; where the lengths of the pen* 
dulums might be accurately adjufted, and whefe a 
graduated arch, as in fig. 5, might be eafily applied^ 

afterwards, when cooled, be eafily fomied into balls, and the 

figure of the balls may be eafily reftored, after being altered 

in the courfe of the experiments. 

"* Tlie beft deicnption of the conftru£lion and ufe of 

fuch a machine, \%^ in my opinion, that which is given at 

farge in the fecond Book of s'Gravefand^'s Mat. £lem« of 

Nat/Pbil« edited by Deiaguliers. 

for 
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for tbe purpofe of meiifuring the arcfits from ^\i\t\i 
the pendulums ate permitted to deftend^ 6r thofij 
to which they afcend. 

The fecility with which fuch tttachines ihay hi 
Contrived and conftru&ed rcndefs the particulaf 
defcription of any of them in this place fupetfluous j 
one particular mechanifm concerning it Is hbwevet 
defervingof tioticc; arid fuch is rcprefented by figi 
7, Plate VlII. When a pendulous body^ fufpended 
by a fingle firing, is raifed tb a certain height iiil 
Order to give it motioni the leaft jerk of irregularity 
pf the hand is fufficieht to make it deviate fix)rt 
the proper plane of vibration, in which cafe ihi 
ftroke on the other pendulous body will not b* 
given in the direftionof its centre of gravity i hence 
the effeft will not turn out Confornfiable to iht 
theory. Now the fufpcnfion which is repfefented 
in' fig. 7, avoids the poflibility of that deviation J 
and therefore fuch. fufpenfion has been generally 
adopted for experiments of the abovementioned 
nature. DE is a Hip of brafs, the form erf which is 
fufficiently indicated ■ by the figure. It is feftcncd 
to the ball by means of a fcrew, and the thread' 
BDEC, whofe two extremities are fafteried at B 
and C to a bracket, or horizontal drtn of the ma** 
chine, pafles through two holes in the pfojeftions 
t),E o£ the brafs flip. — It is evident that this pen* 
dulum muft vibrate in a plane perpendicular to 
the plane BD EC of the figure^ without any ^^ 
fible deviation. 

Fig* ;* 
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Fig. 5. reprefents the cafe when the bodies, are 
equal, and with this apparatus one of the bodies 
may be made to ftrike againft the other at reft ; or 
they may be made to ftrike i^inft each other 
when they are both in motion. The fame variety 
of experiments may be performed with the pen- 
dulums fig. 4. but in thefe the quantities of mat- 
ter are unequal. 

Fig. 6. reprefents the cafe in which three equal 
elaftic bodies lie contiguous to each other, where 
if one of the outer bodies, as F,be lifted up to G, and 
then be permitted to defcend againft £, the ftroke 
will be communicated from E to D; fo that E 
^Vili remain at reft, and D will be impelled up to 
H. — For the various cafes of collifioa which may 
be exhibited by means of pendulums, fee chap. 
VII. ' 

Various machines have been -contrived for the 
!purpofe of illuftrating the compofition and refolu- 
tion of forces; and the weights fuftained by ob- 
lique powers*. One of the cleareft methods of 
(hewing the compofition of forces is the following: 

Sufpend two pendulums AC(, BD, as reprefents 
M by fig. 8. Plate VIII. fo that their balls n\ay be 
very little above the furface of a j9at and fmooth 



f Such machines are particularly defcribed in moft of 
the works on mechanics and natural phiIo(bpby, efpecially 
Gravefanje's Elem. of Natural Phil, and Mufichen- 
broek's Phtlofophy« . 

VOL. I. a table 
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fable LM Rlt. Place an Ivory ball, E, upon tbc 
table, in contaft with both the balls of the pendii^ 
turns ; then if you draw the pendulum A a cer- 
tain way out of the perpendicular direftion, and 
then let it' fall s^inft the ball % in the direftion 
EO, the ball E will be forced to move from £ to 
O. — Replace the ball Ein its former fituation; 
raife the pendulum B fo as to make an angle with 
the perpendicular, equal to that made by the other 
pendulum, then let it fall upon the ball E^ where- 
by this ball will be forced to move from E to H. 
Lafbly, put the ball E once more in its former fitu* 
ation ; raife both the pendulums at the lame time, 
and to the feme angle to Which they were before 
nuiM feparately; then let them go both at the 
"feme infbnt^ fo that they may both flrike the 
ball £ at the fame time ; and the ball £ w411 there- 
by be forced to move flnught firom E to G, which 
is the diagonal of the parallelogram GHEO, whofc 
fides are the dJreftions of the feparate impulfcs 
EO,andEH. 

The efTeft may be varied by increafing or di- 
minifhing one of the impelling forces, which muft 
be done by increafing or diminifhing the weight 
of one rf the balls A or B. 

In the uie of fuch a machine, care muft be had 
to let the two pendulums fbrike the ball E at the 
very bmeinftaiit 7 which requires a confiddrabk 
^degree of dexterity. Mechanical means might in- 
deed be eafily contrived for the puTpofe of dif- 

• charging 



char^g both the pendulums at tfaefir^ier tiine ; 
but it is tiardly worth while to conftnift' a compli-: 
cated machine for illuilrating {o evident a propo^ 
fitionJ— In this machine the two peodulu^is jareilif^ 
pended nearly ifter the mamer of fig. 75 viz. ^ach 
pendulum is fuipended by two threads, but ihe. 
flip of brafs is omitted* 



CHAPTER -XV. 

COITTAXVING THE APPUCATlOW Of S(Ml PAlTt 

01^ TUB pOKEooma pc^TarNi of motions 

WITH HEM ARKS OH T9E COMSTEVCTtOll. Ot 

wxei;l CAHEiAGsa. 

OF all the brahdies ^f ipechanics tiie proper^^^ 
ties of the centre. of g^vity occur moft fief 
quently» and are of the. greateft confequcnce, to the' 
human beii^. 

Whatever body refts upon another body muft 
bavf its centre of gravity fupported by that other 
body, vis. the line drawn from its centre of gra^ 
vity ftraight to the centre of the earth ; or, which is 
tthi; iane thiAg» the line which &11^ from its centre 
of gravity perpendicuhurly to the horizQiu muft bp 
iotecceptedb^f, or &11 ppoa, the ottiprbody > othieat- 

X z The 
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: The abovemehtioned line, that is, a line drawn 
from the centre of gravity of a body, or fyftem of 
bodies that arc conne&cd together, perpendicularly 
to the plane' of the &orizbn, is called the /ine ofdi^ 
region ; it being in fadt the line along which the 
body will dined its courfe in its defcent toward? 
the centre of the earth ; andi. of courfe,- In ord^r to 
be fupportcd, it muft meet with an obftacle in that 
line. Thus in fig. 9, Plate. VIH; the body CDOG 
will reft very well with its. bafe upon the ground 
or other horizontal plane, becaufe its line of direc- 
tion IF, drawa from its centre of gravity I, per- 
pendicular to the plane of the horizon, falls within 
the bafe YGO, every point of which is fupport- 
cd by the ground; but- if another body A BCD 
be laid upon.it, the whole will fall to the ground, 
fbr in the latter cafe the centre of gravity of -the 
whole will be higher up, as at K, and the line of 
direftipn KH falls out of the bafe. Thus alfo in 
fig. 16. Plate VIII. the body D will roll down the 
inclined plane A B,- becaufe its line of direftion 
falls without its bafe j whereas the body C, whbfe 
line of direftion falls within its bafe, will only Aide 
down that plane, unlefs the friftioh prevents it, in 
which cafe it will remain at reft ; but friftion will 
iiot prevent the rolling down of the body D. 

It is therefore evident that the narrower the bafe 

is, the eafiera body may be moved, afid^ on thecon- 

"trary, the broader the bafe is, and the nearer the 

line of direction is, to the middle pf it, the more 

« *- ' firmly 
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firmly does the body ftatid. Hence it appears that 

a ball, or a circular pfenc figure ftanding upright, 
fach as a wheel, is moved upon a plane/ with greater 
facility than any other figure ; for the leaift change 
of pofition is fufBcjent to remove the line of direc- 
tion of a fpherical or cbcular body, out of the bafe. 
Hence alfo it ' is that bodies with narrow termina- 
tions, fuch as* an egg or a ftick, &c. cannot be 
made to ftand upright upon a plane, at leaft not 
without the "utmoftdifficuky. 
' The application of the properties of the centre 
of gravity to animal oeconomy is eafy and evident. 
If the line of direction falls within the bafe of our 
feet, we remain ereft 5 and the fteadieft,'when that 
line falls in the middk of that bafe; otherwife we 
inflantly fall'to the ground. 

On account of the great importance which the 
prefervation and management of jthat centre is. to 
animal motion, the infinite wifdom of the Creator 
has implanted in all animals a natural propenfity 
to balance themfelves in almoft every circumftance. 
Many animate acquire the habit of keeping thenv- 
felves upon their legs within a few hours after their 
birth, and fuch is particularly the cafewitti palves. 

It is wonderful to refleft, and to obferve, how a 
child begins to try and improve his ftability. He 
generally places his feet at a confiderable diftancc 
from each other, by which means he enlarges the 
Bafe, and diminilhes the danger of a lateral fall :— 
he endeavours to ftand quite ereft, and with his body 

Y 3 im- 
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isimomablet fo as :tD prevent as much a$ poffibb 
E.&U bickwacds. or forwardt ;-*and when he lifts 
vp one. fept» be ioflaotly replaces it upon the 
ground, .finding his* inability to reft upon (b final! 
4 bafcf as that of one. £x)t« Farther advanced in 
years, he adopts farther methods of preferving and 
nfii^ the centre of g^iaty^ 4usd that wi|bout the 
leaft knowledge oi^ the mechanical prinafde upon 
which he ads. Thus a man naturally bends his 
body when he rifes from a chair, in oider to throw 
the centre of gravity fiMrwards;* He leans £prwaids 
when he carries a burden on ho back, in order to 
let the line of diredion (whidi in that caie de<* 
^nds from the common centre of gravity of his 
body and burden) -fidl within the bafe of his feet. 
For the fame reafon he leans backwards ^hen he 
carries a burden before him i and leaps on one fide 
when he carries fomething heavy on his oppofite 
fide. 

. ; Human art improved by conftant exercife and 
experience, goes far beyond thofe common ufes of 
the centre of. gravity, and line of diredion. We 
^,. for inftanpc, men who can balance them- 
fclves fo well as to remain ereft with one foot 
upon a very narrow (land, or upon a rope^ and even 
with their heads downwards and their feet uppef- 
moft»— rTheir art entirely confifts in quickly coun- 
terpoifing their bodies, the moment that the line 
of dirc^ion begins to go out of the narrow bafi$ 
Vpoa whk;)! they tt% Thus, if they find themt 

fclves 



fehes falling towards the rights they ftrctcb <n»t tlie : 
left arm or the left kg» and vicevtrfai for though 
the weight of the arm be much lefs than the weight 
of the body ; yet by being extended fiirther ifrotet 
the fulcrum, its momentum may be rendered eqiial 
to that of the reft of the body, which lies vzSStf^ 
nearer to the fulcrum, or to the liiie of direftion.^-* 
See ehap. VI. 

This explanation likewife (hews the great ufe of 
a long horizontal pole in the hands of a rope« 
dancer ; for as the extremities of the pole, which 
are generally loaded with leaden weights, lie far 
from the rope, which is the fulcrum ; when the 
pole is moved a little one way, the momentum of 
that extremity of ic which lies that way, is in- 
aeafed confiderably, and fo as to counterpcnfe the 
body of the mon^ when he finds himielf goii^ the 
other way. 

Notwithftanding the ufe oi the centre of gra«. 
vity which mankind acquires naturally or merely by 
cyperietKe ; yet in many ca&s people are feeo to 
aA contrary to the laws of nature $ and the confe* ' 
quenc^ are fometimes quite fatal. Thus we £re« 
quently find that when a boat or carriage is d?er* 
fitting, the perfons in it rife fuddenly from their 
feats ; by which means they ,reQK>ve the centre of 
gravity of the whole higher up« and thereby ac« 
cel^rate the fUl, (exadly Uke the cafe which has 
been reprefented in fig, 9, Plate viii.) which they . 
might probably prevent, eifher by remaining on 

Y 4 their 
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their fcat», or rather by Ibwering themfelves down 
as clofe as they could to the bottom of the boat or 
carriage.. 

' The natural appltcatioaof the mectianical laws 
might be inftanced in almoft every occurrence of 
life ; for whatever moves, muft move conforrtiably 
to thofelaws. But, to. avoid prolixity, we (hall only 
mention a few more particular inftanccs : whence - 
the attentive reader may eafily learn how to apply 
the foF^oing do<ftrine of motion to a variety of oc- 
currences. 

.The man, or the horfe, that runs in a circular 
path, naturally leans towards the centre of the 
circle, or towards the copcave part of the curvi- 
linear pathway ; and that in order to counteraft 
the effeft of the centrifugal force, which would 
otherwife throw him out of the perpendicular. 
And the Iwifter he runs, the more he leans towards 
the concave fide ; the centrifugal force encreafing 
with the velocity. 

When a nmn is to hold a great weight in his 
hand, he naturally places the hand near the body ; 
for -if he extend his arm, the momentum of the 
weight which is placed at the end of it, as if it 
were at the end of a long lever, becomes too great 
for h IS power ; confidering that the arm becomes a 
lever where the power and the fulcrum lie near one 
extremity, viz. near the fhoulder, and the weight 
lies at the oppofite extremity. 

Perfons 
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•Pferfons who arc accuilomed to ufe a hiamtnier 
generally l^old it by the loweft part of the" handle, 
for the purpofe of rendering the flroke as powdr^' 
ful as pofUble ; for i^ that oafe the head of the hamr 
mar, by being fartheft from the centre of motion, • 
moves with the greateft velocity, and, of courfe* 
Arikes with the greateft momentum. But fucfai^ 
perfons as are not fufEciently accuftomed to ufe a ' 
hammer, generally place their hand near the head 
of the inftrument, by -which means they render 
the ftroke of very little effcft. 

The like obfervatioi^ might be made with re-' 
fpe£t to the ufe of almoft all other tools and in- 
ftruments^ including thofe which arc commonly in 
ufe, fuch as fciflars, knives, razors, Sec. And it* 
it is by the different management of fuch inftru- 
ments that a mechanical hand is diftinguiOied 
from an unmechanical or clumfy one ; and that a' 
perfon poffeffed of ufeful experience, ufeful habits 
and ufeful knowledge^ is diflinguiflied from one of 
the contrary defcription ; excepting indeed when 
the aukward management of tools, &c. is wilfully 
adopted) under the refined idea, and £3r the purpofe 
of (hewing, that a perfon has never been under tht 
dtfgraceful necei&ty of handUng any mechanical 
inftrumentr 

Of the different machines of luxury oi: conve- 
nience, that are in ufe amongft civilized nations, 
none have been v more generally adopted, and more 
tiniverfally ufed, tbotl wheel carriages ; and yet it 

is 
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it vefy itmarkible» tliat» ootwitbftanding the {Mis* 
ftnt gmttly . improved ftite of mechanical know*. 
kdge» thofe machines are by no means conftrufted 
or ufed in the moft Advantageous manner pofr 
fiUe. 

Could th« furfiices of bodies be rendered per*^; 
fcdly fmbotht flat» and deftitute of adhefion, it. 
Ivould be as eafy to drag a body upon a plane, as 
it would be to move it upon wheels ; but as this is 
hx fimn being the aie, the advantage which arifes 
fiom the uie of wheel carnages, is too evident to 
need any particular demonftration ; and, in&ft, we 
ilmoft every day obferve, that a fingle horie is able 
to carry upon a cart fuch a load a3 ten horics 
would perhaps h;rre not ftrei^th fufficient to move 
on the bare ground. 

When a heavy body is dragged upon theground^ 
the fridion is very great, becaufe the ground (lands ; 
iUQ and tlie body moves upon, it, fo that all 
the inequalities of the ground, the accumulation 
of dirt, and ftones, the finking of the grouod» 
&c» form fo many obftables to the moving body* 
which obftacles mud be overcome by the power 
which is applied to draw \t. But when the bod}^ 
is carried upon wheels, as upon a cart, or waggon, 
&c. the furface of the rims of the wheels does not: 
rob on; but is fucceffively applied to the. groujDd, 
(agreeably to what we have faid above with refped-. 
to rollers; fee page 279) and the obftacles arifmg: 
from ^nkii^ ^from liones, land, &c. ofier an ob-; 

liflue 



Dearine of MoriM. ■ 3St 

* . ■ 

lujue dppofitioii to the wheels, which is ovitcoiocr: 
vaftly cafier than a direft oppofition, and the 'more 
fo the larger the wheels are in diameter ; fo that by 
the ufe of large wheels the friaion againft the 
grotmd is almoft entirely removed^ There is how«r 
ever another fort of fridion introduced by the ufe 
of wheels, viz. the friction of the wheel upon the 
axle; but this frii^on, when the parts areproperly; 
Ihaped, and oiled or greafed, i^ not very material^ 
efpecially when the wheels are l«ige; for when i 
wheel turns upon an &xk, the force neceflary to 
overcome the frididn is diminiflied in the ratio of' 
the diameter of the wbeel to tha diameter of the 
axle* 

A wheel carriage is drawn with the leaft powtr^ 
when the line of draught pa^ through the centre 
of gravity of the carriage, and in a (jireftion pa* 
xallel to the plane on which it mova. It therefore 
follows that the height of the cmrriage (hould be 
regulated by the nature of the power which is to 
draWthe carriage } viz. whether it is ' to be drawn 
by high or low horfes, by bullocks, &c. It muft 
however be oblerved, tliat, from the make of his 
body, a hoffe draws- with tlie greateft advantage 
D^hen the traces, or the fliaft, makes a fmall angle 
with the plane which pafTes through the axles of 
the wheels. But this angle muft hot exceed a few 
degrees, otherw^fe part jc^ the power \>f the horfe * 
is employed in lifting up the fore wheels firotn the 

grounds 
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grdund; confequently thc-powet is not enfirely 
employed in drawing the carri^e forward 

Four-wheeled carriages are almo.ft always made 
with the two fore wheels fmaller than the hind 
wheels. The forei wheels are made fmaller than 
the others iox the conveniency of turning, as they 
require lefs room for that purpofe. Thcfmallnefs 
of their fize does alfo prevent their rubbing againft 
the traces : but, thofe objeds excepted, fmall wheels 
are by no means fp advantageous as thofe of a lar- 
ger diameter, as has been already mentioned, and as 
will be confirmed by the following illuftration. 

Jn fig. 2. Plate IX. let the hollows BGC, and 
DFO be equally large, and equally deep in the 
ground. It is evident that the large wheel A will 
not go fo far into the hollowing, as the fmall wheel 
R. Befides, even iuppofing that they defcend 
equally deep into thofe hoUowings, the large wheel, 
by;the power afting far above the impediment, may 
Ijeeafily drawn out of it ; whereas the fmall wheel 
can hardly be drawn out by means of an horizon- 
tal draught, unlefs indeed when the ground gives 
way before it, which is not always to be expefted. 

The idea of the two large wheels helping to drive 
the fore fmall ones, is a vulgar error, which has not 
the leaft foundation in truth. The abfurdity of 
this idea might be proved various ways, but by 
none more fatisfadorily than by the following ex- 
periment. 

Take 
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Take a real carriage, or the model of a large onc^ 
haying two, Urge, and two fmall wheels. Fatten a 
rope at each of its ends, but equally high from the 
ground ;. then extending one of thpfe ropes hori- . 
zontally, let it go over a pulley, .^^ich nuift^be 
placed at fome diftance from the carriage, aftd .tic 
as much weight to the defcending extremity of the 
rope, as may be juft fufficient to, move, the carri^e. 
This dQne,diii:harge this rope; turn the carriage 
with its other end towards the'puU^y, and,inlhor^, 
repeat the experiment with the. other end. of the 
carriage forqmoft. It will be found th^t precifely 
the fame weight will be required to; draw the car- 
riage, and to draw it with equal velocity,- whether 
the large of the fmall wheels be placed/oretpoft.' . 

The figure, or rather the breadth of the rims of 
the ^heels, influences confiderably the motioa <^ 
the carriage. Upon a fmooth aiic} hard/ road no 
advantage is derived from the, ufe of broad wheels j 
but upon a foft road the broad wheels are. much 
more advantageous than narrow ones; the latter 
cutting and. finking into the gro\^ld; on which 
a^ccount. they mufl: be confidercd as always going 
up hill, befides their fuffering a great deal of fric^ 
tion againfl: the fides of the ruts that are made by 
themfelves; whereas the broad wheels produce 
nearly the fame efied: as a garden-roller; that is, 
they fmooth and harden the road, befides their 
moving with great freedom. It mufl: however be 
obferved, that. upon fand, as alfo upon ftiff clayey 

> roads. 
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loads^ lefs force is required to draw a cart with nar* 
ffoWf than pqe with broad, wheels. Upon (and the 
bmad wheels form their own obftacles, by driviiog 
and accumulating the (and before them. Upon 
clayey roads they gather up the clay upon their 
liirfiiceSy and beccxne in a great meafure dogged 

Someper(c)ns imagine that the broad wheels^ by 
fOQchingthe ground in a great many more pomts 
dian narrow wheels, muft meet with proportion- 
dUygreoterobftruftioo. But it (hould be conli* 
dered, that though the broad wheels touch the 
g^pound with a larger furfaoe, yet they preft upon 
it no more than narrow wheek da Let, for 
infianctt twocartsbe equal in every fefped and 
«quaUy ib«ded, exceptbg that the wheeU of one 
of them be 3 inches broad, whiUt thofe of the 
Other be 12 inches in breadth. It is evident that 
the latter wheek reft upon the ground with a fur* 
^Me which is equal to four times the furfiure upon 
which the former wheeb reft. But fince an equal 
w^ht is fupporttd by the wheels of both carts, 
etery three inches oreadth on the fui&ce of the 
broad wheels fuftain^ a quarter of that weight ; 
nvhereas the three inches breadth of the narrow 
irheelt fuftain the wbde weight ; ib that the broad 
wheels touch the grwnd as much lighter as they 
mre broader than the narrow wheels. It is for the 
&me Tcafon that if a heavy body in the (brm of a 
paiattelepipedon, viz. like a brick, be dragged upon 
• a plane 
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a plane furface, the (ame power will be required to 
draw it along, whether jts broad 6r its narrow fide 
be laid upon the plane: ^ 

•* If the wheels were always to go upon fmooth 
and level ground, the beft way would be to 
make the fpokes perpendicular to the naves ; 
that is, to (land at right angles to the axles ; 
becauie they would then bear the weight of the 
load perpendicularly, which is the ftrongeft way 
for wood. But ^ecaufe the ground is generally 
uneven, one wheel often falls into a; cavity or rtit 
^ when the other does not; and it bears much 
** mpre of the weight than the other does ; in 
^^ which cafe, concave or difliing wheels are beft» 
^' becauie when one falls into a rut, ahd the other 
keeps upon high grouA the Qx>kes become 
perpendicular in the rut, and therefore have the 
greateft ftrength when the obliqtjity of the load 
** throws moft of its weight upon them ; whilft 
^ thofe on the high ground have lefs weight to 
^ bear, and therefore need not be at their full 
^* ilrength. So that the ufual way of making the 
•*• wheek concave is by much the beft.** 

^* The axles of the wheels ought to be perfeftly 
^ ftjn^bt, that the rims of the wheds may be 
;^ pasiidltl to each other; for then they will move 
^' eafieft, becaufe they will be at liberty to go on 
*** ftraight forwaxxb. But in (he uTual way vf prac- 
^ tree, the aixles are bent downward at their ends ; 
^* which brings tiie fides of the wheels next the 

«« ground 
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ground nearer to one another, than their oppo- 
fite or higher fides are : and this not only makes 
*' the wheels drag fidcwife as they go along, and 
** gives the load amuch greater power of crufhing 
•* them than when they are parallel to each other, 
but alfo endangers the overturning of the car- 
riage when any wheel falls into a hole or rut, or 
•^ when the carriage goes in a road which has one 
fide lower than the other, as along the fide of 4 
hill;"* for on that jcoriftrudlion the carriage 
ftands upon a narrower bafc, than when the runs of 
the wheels are parallel to each other. 

Upon level ground a carriage with four equal 
wheels may be drawn by the fame power with 
equal facility, whether the load be placed on any 
particular part of th^ carriage, or it be fpread 
equally all over it* 

Upon a two wheeled carriage the moft advanta- 

.geous difpofition of the load is, when the centre of 

gravity of the weight coincides with the middle of 

the axle, or with a perpendicular line which paffes 

through that middle. 

A carriage having the two hind wheels large, and 
the two fore wheels fmall, when going upon an ho- 
rizontal plane, Hiould have the principal part of 
the load laid towards its hind part j but when go- 
ing upon uneven roads, up ai;d down hill, and 
when the load cannot be eafily (hifted, the beft 
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1;ray is to Uy the bad principally in the middle, or 
to fpread it equally all over the carriage* 

The cofnmon pradtice of carriers, who place the 
principal part of the load upon the fofe axle of the 
waggon, is evidently very abfurd j for by that 
means they prefs that axle with greater force upon 
the wheels, and the fore wheels deeper into thc^ 
ground, in confequence of which thofe wheels, 
which turn oftener Yound than the large wheels,, 
will not only wear much fooner, but require a 
greater power to draw them along, and efpecially 
over any obftacle. 

The lower the centre of gravity of the load is 
lituated, .the lefs -apt is the carriage to be over- 
turned. The following obfervations are of Profef- 
for Anderfon of Glaigow. 

" In Glafgow and its neighbourhood, a fingle 
" horfe, on a level turnpike road, draws 25 cwt, 
in a cart which weighs ^bout 10 cwt. having 
wheels fix feet high, and its axle pafling through 
" the centre of gravity of the load and cart, but, 
" in a common cart,^ be dmws only the half of 
" that load. Two horfes yoked, in a line, 
*' in a common cart eaiily draw 30 cwh upon 
^ an even road. And fix horfes, yoked two a- 
•^ breaft, draw 80 cwt. in a conxnon waggon." 
** Six horfes, in fix carts, with high wheels, can 
draw 15b cwt. on a level road ; and fijc horfes, 
in three common carts, with two horfes in each, 
" can draw, upon an uneven road, 90 cwt, that 
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338 Application of the foregoing 

" is 10 cwt. more than they can do in a waggon ^ 
" the weight, tear and wear, and the eafe in draw- 
ing a waggon, or three carts, being, it is faid, 
nearly equal ; and the price of the three carts 
" being lefs than that of the waggon." * 






CHAPTER XVI. 



OF PROJECTILES. 

TT7HATEVER body is impelled by any power, 
^ ^ and is afterwards left to proceed by itfdf, is 
called a projeSHkj which denomination is derived 
from a Latin word, the meaning of which is to 
throw, to hurl. Thus the bullets which are 
thrown out of fire arms, ftones that are thrown by 
the hand, or by a fling, or by any other projefting 
inftrument, &c. are called projeSliles. 

It has been already fhewn (in chap. IX.) that 
projedliles, unlefs they be thrown perpendicularly 
upwards or downwards, mufl defcribe a curve line; 
becaufe they are adred upon . by two forces, one of 
which, viz. the impelling force, produces an 
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equable motion ; whilflrthe other, viz. the attrac* 
tion of the Earth, produces an accelerated mo- 
tion. 

It has likewife been (hewn that projeftiles de- 
fcribe fuch curves as afe called by the mathemati- 
cians parabolas 9 or rather that they would defcribe 
fuch curves, if they were not influenced by cer- 
tain fluctuating circumfll^mces, which caufe the 
paths of projeftiles to deviate more or lefs from 
true parabolic curves. ' 

Thus much might have fufljced with refped: to 
the motion of projaftiles. ' But the great ufe 
which is made of them both in peace and in war, 
obliges.ustoconfiderthis branch of the dioftrine of 
motion in a more particular manner, and to derive 
from the theory luch rules as may be of ufe in the 
practical management of prqjeCtilea. 

There arc three caufes, which force the projeq-* 
tile to deviate from the parabolic path: viz. ift, 
the force of gravity's not acting in diredions per- 
pendicular to the horizon i 2dly, The decreafe of 
the force of gravity according to the fquares of the 
diftances frx>m the centre of the Earth ; and jdly, 
the refifl:ance of tlie air. 

The eflfefts which are produced by the fii-ft and 
fecond of thofe caufes, are too fmall and trifling ; 
for the centre of the Earth is at fo great a dif- 
lance from the furface, that both the height and 
thediflance to which we are able to throw projec- 
tiles,' are exceedingly fmall in proportion to it. 

z 2 But 
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But the refiftance of the air ofien a very confider- 
able Oppofition to the motion of projeftiles, and 
its aftion is fo very fludtuating, that, notwith* 
{landing the endeavours of feveral able philofbpher^ 
and mathematicians, the deviation of projectiles 
from the parabolic path has not yet been fubjeded 
to any determined and pradical rules. 

After the preceding remarks it will be eafily al« 
lowed, that the only method we can follow Fs to lay 
down the theory on the fuppofition that the pro- 
jediles move in parabolas, and then to fvbjoin a 
coricife ftatement of the refult of the principal ex- 
periments, which have been made for the purpofe 
of (hewing the deviation of the real path of a 
projeftile from the parabolic curves. • . 

When a body is projedted obliquely; from any 
kind of engine, fuch as a ball from the can- 
non A, fig. 3, Plate IX. in the direftion AC, 
the force of gravity, ading upon it* in di- 
reftions nearly perpendicular to the horizontal 
plane AB, forces it to deviate from the ftraight di- 
reftion A C, and to defcribe the parabola ADB> 
laflly falling upon the horizontal plane at B; 
whence it evidently follows, that a ball or any other 
projeftiie cannot move even for a moment in a 
llraight line; but that it muft deviate more or 
lefs from the ftraight line of its initial diredion, 
and muft immediately begin to incline towards the 
ground ; excepting however fome particular cafes; 
namely, when the (hot has acquired a rotatory mo- 

^ tion 
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tion round its axis, or when its (hape is fomcwhat 
oblong and bent ; for in thofc cafes it msQr deviate 
not only fideways, but eren upwards for a fliort 
time. 

The diftance AB between the mouth of the 
projecting engine and the place where the (hot falls 
upon the horizontal planed is called the \ange of 
thejhotj or the amplitude of pryeSlim j D E is the 
heigh of its path, or of the parabola ADB. The 
angle CAB, which the dircftion of the projection, 
or of the cannon, makes with the horizontal 
plane, is called the angle of elevation. The time 
during which the (hot performs the path ADB, is 
called the time of flighty and- the force with which 
it flrikes an obje6i at B, is its momentum. 

It will be found demonftrated in the note that 
thofe particulars, viz. the range, the height, the 
angle of elevation^ &cc. bear ^ certain determinate 
proportion to each other, fo that when two of 
them are known, the others may thereby be found 
out. It is demonftrated likewife, that, ceteris pa- 
ribus^ the greateft range or . greatefl diftance to 
which a (hot may be thrown upon an horizontal 
plane, takes place when ther angle of elevation is 

■ 

equal to Jialf a right angle, or 45 degrees (i.)j we 

(hail 



( I.) Propofition I. J body which is projected in a direct 
tion not perp^dtiular'y hut oblique^ to the horizoriy will di** 
fir He a parabola \ and its velocity in any point of that parabo- 
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fliall therefore proceed \n this place to fhew a prac- 
tical method of determining the moft ufeful of 
thofe particulars, when the ai^lc of elevation, and 
the greateft range the cannon is capable of, arc 
known. — ^This gr6ateft range, viz. the diftance to 
which the cannon when charged with the ufual 
quantity of powder, and elevated to an angle of 
45^ is capable of throwing the fliot, muft be af- 
certained by means of aftual experiment ^d 
menfuration in every piece of artillery, efpecially 
with large cannons, and mortars $ Hnce the balls 
from thofe pieces defied much more from, the 
flraight diredion.— The an^ of elevation is af- 
certained by means of a graduated circular inftru- 
ment, and a plummet, or a level. 

Let 



la is the fame as it would acquire by defcending perpendicularly 
through a fpace equal to the fourth part of the parameter he- 
longing to that point as a vertex ; fuppojing that the force of 
gravity is uniform^ and that it a£fs in direSiions perpendicular 
io the horizontal plane ; alfo that the air offers no refiftance 
to the motion of projectiles^ 

Let a body be projeded from A, fig. 5. Plate IX. in 
the direction AE, and let AE reprefent the fpace, through 
which the projeding force alone would carry it with an 
equatle motion ih the time T. Alfo let AB reprefent the 
fpace through which the force of gravity alone would caufe 
ic to defcend in the fame time T. Complete the parallelo- 
gram ABEC, and it is evident that the body, being im- 
p;;lledboth by the. projedling force, and by the force of 

gravity, 
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Let the greateft horizontal range of a cannon, 
w jmortar, be 6750 yards, and let the aftual angle 
of elevation be 25**; the other particulars may 

« 

be found by delineating this cafe upon paper ; for 
which purppfe the inftruments that are generally 

put 



gravity, muft, at the end of the time T, be found at C, 
Now AE is as the time T, becauTe it reprefents the fpac« 
defcribed uniformly ; but AB is as the fquare of the time 
T ; therefore AE or its equal BC, is as the fquare of AB. 
And the fame reafoning may be applied to any other con- 
temporary diftances, as AH, AF, or FG, AF. But AE 
is a tangent to the curve at the point A, AF is a diameter 
at the point A, and B C, FG, &c. being parallel to the 
tangent AE, are ordinates to the diameter AF 5 and fince 
the fquares of tbofe ordinates have been demonfl rated to be 
as the refpe£Uve abfciflas AB^ AF, &c.i tlierefore the 
curve ACGD is the parabola. 

The velocity of the projc£HIe at any pblnt, as A, in the 
curve is fuch, that the f|iace AE would be defcribed uni- 
formly by it, in the fame time that the body would em- 
ploy in defoending perpendicularly by the force of gravity 
from A to B. Alfo (fee p. 66.) the velocity acquired by 
the perpendicular defcenC AB is fuch as would carry the 
body equably through twice AB in the fame time, (that is, 
in the fame t^ne that AE is defcribed j) therefore the ve- 
locity which is acquired by the perpendicular defcent AB, 
is to the velocity with which AE is defcribed, as twice AB : 
is to AE. But the velocity acquired by the perpendicular 
defcent through AB, is to the velocity acquired by the per- 
pendicular defcent through a quarter of the parameter be- 
longing to the verte^n: A . of the parabola AC G, alfo as 

z 4 twice 
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put in a common cafe of drawing inftruments, are 
quite fufficient, viz. a pair bf compaffes, a ruler 
with a fcale of equal parts, and a protradtor. 

Draw an indefinite right line AK, fig. 4. Plate 
IX. to reprefent an horizontal plane, paffing 

through 

twice AB is to AE^ for that parameter is (by conies) 

equal to " / , and a quarter of it is — --!^» and^ by the 
AB 4 AB 

Uws of gravity, the velocity acquired by the perpendicular 
deicent AB, is to the velocity acquired by the perpendicular 

aei* 

defcent , as the fquare roots of thofe fpaces; viz. 

4AB' ^ ^ " 

. AE 

as AB|* is to — ===n J or as twice AB is to AE. Therc- 

2 BA' * 

fore, fmce the like reafoping may be applied to any other 

point of the parabolic path, we conclude that, univerfally, 

the velocity of the' proje(^ile in any point of its path is the 

fame as would be acquired by a perpendicular delcent 

through a fpace equal to the fourth part of the parameter 

belonging to that point as a vertex. 

Corollary i. Is: is evident that the projectile muft move 
in the plane of the two forces, viz. in the plane which pafTes 
through AE, AB, and is, of courfe, perpendicular to the 
horizon. 

Cor. 2. It follows from the laws of compound motion, 
that the projcftile will defcribe the arch AC,, in the fame 
time in which it would defcend by the force of gravity from 
A to B, or in which it would defcribe uniformly the fpace 
AE. 

Cor. 3. When a body is projefted from A in the direc- 
tion AE, if the parameter which belongs to the vertex A, 

be 
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through the point of projeftioii A* Make AB 
perpendicular to it, and equal to twice the greateft 
horizontal range, viz. equal to 13500 yards;. which 
is done by making it equal to 13500 divifions of 

tfic 



All* ' • , 
be equal to ■ ', the parabola muft pafs through the 

point C. 

Cor. 4.« Either in the fame, or in different parabolas, 
the parameters belonging to different points are to each 
other as the fquares of the velocities of the projedlile at 
thofe points (fee p. 65); whence it follows, that at the 
vertex of the parabola the velocity or the momentum of 
the projeSile is the leaft, and at equal diftances from that 
vertex the velocities or the momentums are equal. 

Proportion II. The initial velocity being giveny t$fini 
the direSfim in which a body muft be profiled in order to bit 
given pcinU 

Let A, fig. 6, Plate IX, be the projeSing point, and C 
the objed, or point which is required to be hit. 

The velocity (rf* projection being given, the paraniettr of 
the parabola which muft pafs through the point C will eafily 
be found by means of the preceding propofition ; viz. by 
finding the fpace, through which a body muft fall from 
reft, in order to acquire the given velocity ; for that (pace 
is equal to the fourth part of the parameter belonging to^the 
point A* ^ 

Join AC, draw the horizontal line AL, and at A trtSt 

AP perpendicular to tbehorizonta] line AL, and equal to 

the above-mentioned parameter. Divide AP into two equal 

parts at G, and through G draw an indefinite right line 

, KGt{ paralld to the horizontal line AL. Through A 

draw 
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tlic fcale of equal parts,, for thofe parts muft: re* 
prefent yards. Upon AB, as a diameter, defcribc 
the femicircle A F B. At A, by means of the pro- 
trador, draw the line of projedion AF, making an 
angle of 2,5* with the horizontal line AK. 

Through 

draw AK perpcndicularr tb the direflion AC of the objcft, 

which AK will meet KH in a point K. With the ceotre 

K and radius KA draw the circulai'arch PHEA* Through 

the point or obje(Sl C draw BCI perpendicular to the ha« 

rJzon, and if this perpendicular meets the circular arch| as 

at £ and I9 draw AE, AI; and either of thofe dire&ions 

will anfwer the defired purpofe. 

Join PI and PE ; and the triangles PAE, EAC are fimi- 

lar \ the angle PAE bdiig equal to the angle A£C {Eucl. 

p. 29, B. L) and the Angle APE equal to the ai^le EAC 

<Eucl.p. 32, B.III.) Hence PA; AE : : AE: EC; 

"A~fcl* 
therefore PA = -. Farther, the triangles PAI, 

AIC arc a!fo fimilar \ the angle PAI being equal to the 
angle AIC (tucl. prop. 29, B. L) and the angle API.equal 
toIAC (Eucl. p.j2, B. HI.) Hence. PA: AI:: AI: 

A~ll* 

IC; and PA = — .— . . Therefore fincc PA is the pa- 

IC • 

ramctcr belonging to the point A of the parabola, which is 
to be dcfcribed by the projectile, &c. the faid parabola (by 
eor. 3 of the preceding prop.) muft pafs through the 
j^oint C; 

Corollary I. The angular diftance CAP between the 
object and the zenith, is divided into two' equal parts by 
the line AH ; for KH being equal to KA, the angle AHK 
is equal to the- angle HAK, and likewifc equal (on account 
• - ■ ^ ' of 
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tcr of O F ; then the path of the (hot is reprefent- 
^ by a curve line, which paffes througli the points 
A,D,0. Take the diftance AO in your compafles, 
and, applying it. tt) the fame fcale erf" equal parts 
as was ufed before, you will find it equal to 5 1 70, 
which reprefent yards. If you apply the diftance 

CD 

I 

tfien the dtftanice AC of the objeft is as the fine of twice 
the angle of elevation CAE, or CAI ; for (Eucl. p. 32, B. 
III.) CAE is equal to APE, andlikewife equal (EucL p. 
20, B. HI.) tbiialf AKE, whofe fine is £N ; and EN is 
equal to AC. EN is likewife the fine of double the 
an^lc CAI5 for CAI = API =: i AKI 5 and IS = NE, 
Is the fine of the angle AKL 

(!!or. 6. If A£ be the diredion- of die projefiile, the 
greateft height of the parabolic. ()ath above the horizoo, is 
equal to a quarter of AC, and is as the verfed fine of twice 
the angle of elevation CAE. For divide AC into two 
equal parts at T, and ercft TR perpendicular to it. Di- 
vide TR into two equal parts at V; then TV is equal to 
half TR, and to a quarter of EC. It is evident that AC 
is an ordinate to the axis TR of the parabolic path; 
and that V muft be the vertex of that parabola; for 
thediredion AE being a tangent to the parabolic curve, 
the part VT of the axis is (by conies) equal to the part 
VR. Farther, CE is equal to AN, which is the verfed 
fine of the angle AKE,- viz. of twice the angle of eleva- 
tion EAC, or I AC; therefore TV is equal tqa quarter of 
EC, and is as the verfed fine of twice the 'angle of. eleva- 
tion CAE. 

Cor. 7. The greateft height, to which the projeftile 
will afcend, when the diredion of the proje<^ion is perpen- 
dicular 
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G D to the fame fcale^ it will be found equal to 
603 divifions, or yards; which (hews that with 
the angle of elevation equal to 25% the cannon in 
queftion will throw the (hot to the horizontal di(- 
tance of 5170 yards, and that the vertex, or great- 

eft 

dicular to the horizon, is equal to a quarter, oif the para^ 
meter AP ; for in that cafe AE, EC, and AP coincide; 
confequently a quarter of C£ becomes the fame thing at 
a quarter of AP, ^ 

Cor. 8. In the cafe of the precMing corollary, the time 
ef the projecSlile's remaining in the air, is the fame that a 
body would employ in defcending from P to A, merely by 
the force of gravity ; for the projefHle will be as long in 
aifcending, as in defcending along a quarter of AP; viz« 
it will employ tT^ce the time which is required todefcend 
along one quarter of PA, a;id which is equal to the time 
that is required to defcend from P to A ; the fpaces de«» 
, icribed by defcending bodies being as the fquares of the 
times# 

Cor. 9. The tinic of flight when a body is projeded 
in any dire£tion, as for inftahce A£, is as the (ine of the 
angle of elevation £AC ; for it is as the chord AE, or 
aslialf AE, which is the fine of the angle APE, x>r of 
half.AKE, which is equal to the angle of elevation CAE* 

From the abovemeptioned two propofitions, with their 
corollaries, thevOioft ufeful properties of projectiles have 
been derived, and are concifely exprefTed together with the 
refutts of experiments, in the following pradical rules, 
which every gunner (bould imprefs in his mind ; for ^^hen 
the greateft range that a piece of artillery is capable of with 
the ufual charge of powder, is knoWn, and which muff be 

learocf) 



j^o PryelUles. • ' 

eft height of its path ADO will be equal to 603 

yards. 

By the like means the range anfwering to any 
other angle of elevation may be afcertained ; and 

the 
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learned from aSual experiment; thofe rules will anfwer 
all the neceflary cafes, in gunpery; -excepting the phftruc* 
tion which arifes from the r<0(laiiice of the air. 

Rules for Shotting. 

!• Horizontal ranges as right fines of twice the angles of 
elevation. 

2. Heights as verfed fines of twice the angles of elevation. 

3. Times of flight, or times in the air, as right fines of the 

angles pf elevation. ' 

4. The time of flight at an elevation of 45'', is equal to the 

time of perpendicular defcent through a (pace equal to 
the horizontal range. 

5. The impetus is equal half the horizontal range at 45** 

of elevation. 

6. The height is equal to a quarter of the horizontal range 

at 45° of elevation. 

7. In afcents or defcents, (viz. when the point of projec- 

tion and the objeft are not both upon thefame hori- 
zontal plane) for the beft elevation take the comple- 
ment of half the angular diflance between the objeft 
and the zenith. 

8. The charges of powder in the fame piece are nearly aft 

the horizontal ranges. 

The inftruments which are required for the practical ap- 
plication of thofe rules, are a graduated circular inftrument 
widi a plummet or a kvel, and a table of fines and verfed 

fines f 
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the feafon of this pradtice will* be found demon-- 
ftrated in the note. 

If, on the other hand, the diftance'of the ob- 
jedV, and the cannon^s greateft range being known, 
the angle of elevation nccelTary to hit that objeft 
be required ; you muft proceed by the reverfc of 
the precediiig method/ Let, for inftance, the, 
diftance of the object from the cannon be 5170 
yaids, and the cannon's greateft range, 6750 yards; 
Draw a right line AO, fig. 4.' Plate IX. equal to 
5170 divifions of the fcale of equal parts. Make 
AB perpendicular to AO, and equal to twice the 
cannon's greateft range; viz. to 13500 divifions 
of the fame fcale. Upon AB, as a ,diameter, de- 
fcribe the femicircle AFB. At O ereft the line 
OG perpendicular to the horizontal line AO, and 
the perpendicular OG^will meet the femicircle 
either in one, or in two points, or not at all. 
Should this line meet the femicircle in one point, 
it muft be at Yj its middle, and then the required 
angle of elevation is YAO, viz. of 45*. If OG 

fines ; but there is an inflrument in ufe, cialled the gunner* s 

callipers^ which anfwers every purpofe relative to the ap* 

plication of thofe rules; as it contains a graduated circle, 

and is fufceptible of the application of a plummer, &c. A 

table of fines and verfed fines, together with many other 

tables and mcafures are likewife marked upon it^— See a 

very good defcription, and account of ^he various ufes of 

the gunner's callipers, in Robertfon^s Treatifc on the Ufe 

of/Mkthem« Inftrum. 

meets 
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meets thcf fetnlcircle in two points, as at F sind G^ 
which is the cafe in the prefent inftance ;. then 
cither the direction AF or AG will anfwer the 
purpofe 5 and if the ;^ngles, which thofe diredions 
make with the horizon AO, be meafured by means 
of. the protrador, the former will be found equal 
to 25% and the latter to S^^. But when the perpen- 
dicular OG does not meet the femicircle^ then wc 
mu|l conclude that the given power, or force of the 
cannon in quefiion^ is not fuiBcient to throw the 
Ihot to the propofed diftance* 

It follows from the foregoing confl:ru<5tion, that 
the higher thediredron line cuts the femicircle, 
the longer is the horizontal range % not eaeceeding 
however the middle point Yx^ for . S Y, which is 
equal to the radius of the circle> is longer than any 
other line that can be drawn in the femicirlc AYB, 
parallel to the horizon ; hence the horizontal range 
' is the greateft when the angle of elevation is 45*. 
It is alfo evident, that at equal diftances from the 
point Y, as at F ahd G, the horizontal range will be 
the fame ; the height of the path only being dif- 
ferent. When the angle of elevation is 90% then 
the line of direftion, becoming perpendicular to 
the horizon, coincides with the line AB, and the 
horizontal range becomes equal to nothing, viz. 
the fliot willafcend to a quarter of AB, and will 
then defcend again to A. 

When the angle of elevation is half a -right 

angle, that is 45°. the cinie of fxight, viz, of the 

I lhot*s 
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lliot's remainbg in the air, is equal to the time 
that a body would employ in defcending perpcn-^ 
dicularly, by the force of gravity, from a height 
equal to the horizontal range, which may be found 
by the rules given in chap. V. — In order to find 
the time of fl^ht, at any other inclination, as for 
inftance, the inclination OAF; fay as AY (mea^^ 
iiired on the fcale of equal parts) is to AF (alfo 
meafured on the fame fcale), fb is the time that a 
body would employ in defcending perpendicularly 
through a fpace equal to the greateft horizontal 
range, to the time in queftion, which will be known 
by the common rule of three. 

Thus much may fuffice with refpeft to the fup-^ 
pofed parabolic paths of projediles. We (hall now 
fubgoin a (hort account of the refult of fuch ex- 
periments as have been made for the purpofe of de« 
termining how finr the parabolic theory may be de« 
penied upon. 

In the common pfadUce of direding cannons, an 
arbitrary aUoin^uice is made for the deviation of the 
fliot from tbe^ ftrai^t line. Pradice indeed ren^ 
den fome gunners very es;pert; but their pradtiod 
accunnry . cannot be reduced to certain rules; via^ 
fuch as may be of ufe to oth^ perfons. 

Mortars, which thf ow the (hots in general with 
lefs velocity than cannons, have heretofore beea 
direded by means of a graduated inftrument; pre« 
ferringji of the two dire&ions which produce the 
lame horizontal range, that which may be thought 
preferable according to the nature of the objedL 

VOL. u A A But 
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But of late another method has been found xAort 
advantageous in praftice.-— The mortar is fteadily 
fixed upon its bed or carriage;: at an elevation of 
45*5 but it is loaded with more or lefs powder 
according as the (hell is required to go &rther or 
nearer^ not exceeding, however, the great eft hori- 
zontal range the piece is capable of; the errors of 
amplitude having been found to be lefs . with an 
elevation of 45^, than with any other elevation; 
and the horizontal ranges having been found to be, 
C0fteris paribusy nearly as the charges of powder; 
viz. half the wieight of the full chaise will throw the 
(hell nearly to half the greateft horizontal range; a 
quartef of the weight of the full charge will thmw 
the (hell to a quarter of the greateft range, &c. 

It has been found that a 24 pounder (viz. a 
cannon whofe ball weighs 24 pounds) when 
charged with 16 pounds of gunpowder, and elevated 
to an angle of 45°, will generally range its (hot upon 
an horizontal plane 20250 feet; which is not above 
one fifth of the range aflSgned by the thebry, viz. 
of what it ought to be, if the air could be removed. 
—The oppofition which the (hot meets with from 
the air in this cafe has been eftimated by the inge- 
nious Mr. Robms, equivalent to 400 pounds.* 
Hence it appears that the path of a (hot is far 
different from the parabola. 



♦ Robins's Effays oh Gunnery, 

The 
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The refiftance of the air varies principally, ac- 
cording to its fluduating qualities, viz. tempera^' 
ture, gravity, &c.' according to the (hapc^of. thi^ 
(hot, and according to the velocity with which the 
(hot is impelled,! viz. the initial or ipcijpient velo- 
city. — When that velocity is fmail, the refiftance of 
the air is Very trifling; but when, the initial velocity 
is very confiderable, the re(iftance of the air be- 
comes fo great as to render the theory quite inr 
applicable to pradlice. The rc(iftarice fometimcs 
amounts to 20 or 30 times the weight of the (hotj 
and the horizontal range frequently is much lefs 
than the tenth part of what it ought to be, accord-r 
ing to the parabolic theory, 

It has been found that with the fame angle of 
elevation, the horizontal ranges are in proportion 
"to one another as the fqOare roots of the initial . 
velocities', and that th? times of flight are as the 
ranges; whereas, according to the theory, the times 
ought to be as the vilocifies, and the ranges as the 
fquares of the initial velocities, 

Mr. Robins likewife found^that very little ad- 
vantage was gained by prcgefting a body with a 
velocity greater than i aoo feet per (econd. When 
a 24 pound (hot is projeded with the velocity of 
2000 (ect in a fecond, it will meet with fo great 
an oppofition from the air, that when it has ad- 
vanced not more than 1 500 feet, viz. in about one 
(fecond;, its velocity will be reduced to ^hat of about 

AA a 120Q 
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I zoo feet per fecond. In confequence of this quick 
itdu£tion of velocity, Mr. R. concluded that a 
certain projeftile velocity at the fame angle, might 
carry a (hot farther than a greater velocity ; for 
the body projeded with the greater velocity, when 
it9 velocity becomes equal to that of the other pro- 
jedion, has a lefs angle of elevation, on which ac* 
count it may go not fo izx fix>m that pointy fb as to 
make the whole diftance (horter. 

No gun to carry far fhould' be charged with 
powder whofe weight exceeds one fixth, or at moft 
one fifth part of the weight of the (hot ; for m 
field-pieces that quantity of powder will impel the 
(hot with the initial velocity of about 1200 feet 
per fecond. In a battering piece, when the objed 
is near, the weight of the powder (hould be about 
one third part of the weight of the (liot. 

When the initial velocity is greater than about 
1100, or 1200 feet per fecond, the refiflance of the 
air feemsto be three times greater than it ought, if it 
varied only as the fquare of the velocity. ** The ve- 
locity at which the variation of the law of refifl- 
ance takes place, is nearly the fame as that with 
** which found moves. Indeed if the treble re- 
" fiftarice in the greater velocities is owing to a 
" vacuum being left behind the refilled body, it is 
^* not unreafonable to fuppofe that the celerity 
" of found is the very laft degree of celerity with 
^* which a projedile can form this vacuum, and 






* '^ can 
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** can in fome fort ayoid ,the preflure of the at-' 
" mofphere on its hinder parts. It may perhaps 
'* confirm thi^ conjedure tp obfcrVe, that if a 
" bullet, moving with the velocity of found, does 
^ really leave a vacuum behind it, the preflure "rf 
the atmofphere on its fore part is a force about 
three times as great as its refinance, computed 
** by the laws obferved for flow motions.*" 

A fliot, befides its'being drawn downwards from 
the line of diredion, is fometimes deflected fide- 
way ; which takes place when the fliot by rubbing 
againft one fide of the cavity of the piece, acquires 
a rotatory motion round its axis, arid proceeds 
through the air with that motion; for in that cafe 
the fide of the fliot, which in its courfe through 
the air turns forwards, meets with greater refifl:ance 
than the oppofite fide, whofe motion coincides with 
that of the air. It is eafy to conceive that when 
the axis of rotation happens to be parallel to the 
horizon, then the rotation will contribute to the 

« ^ 

(hot's defleftion, riot fideways, but upwards qr 
downwards. 

We fliall laftly obferve as a flirong inftance of 



♦ Robins's EiTays on Gtinnery,— The reader may derive 
confiderable information from Dr. button's Paper 0n thi 
force of fired Gunpowder^ and the initial Velocities of Can^ 
non Ballj &c. in the 68th vol. of the PhiK Trans. And from 
the Chev. de Borders M^noirs in the Rift., of the Acad, of 
Scienc. for 1769. 

the 
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the difficulty which attends the praftical manage- 
ment of projeftiles, that even with the very fame 
piece of ordnance, like (hots, equal weights of 
the fame fort of gunpowder, and the fame angle 
of elevation, the places on which the (hots ilrike 
the horizontal plane frequently differ by feveral 
yards from each other. 



END OF THE FIRST VOLUME^ 



Luke Hanfard, Printer, 
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